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I Introduction. — The principles of Navigation rest almost entirely npon that part | 

I of rianc Trigonometry which is limited to the doctrine of plane triangles. A pei-son 
1 unacquainted with the mathematical theurj* upon which the practical rules followed 
I hy the navigator are based, avould naturally imagine, as the track of a ship is a path 
! maik«.‘d out on the surface of a sphere^ that to calculate, from the necessary data, the 
length of this track, the aid of Spherical Trigonometry would be required. But, in 
general, such is not the case ; and, for this reason -spherical trigonometry is wholly 
concerned with the arcs of great ciielcs of the sphere, and with the angles formed by 
i such ares ; whereas the course of a ship ai sea, unless it sail on the equator, or on a 
i mci idinn, is never a great circle ;~it is either a small circle, a parallel to the equator, 

I or else a line cutting the successive meridians over which it sails, obliquely, and at the 
same invariable angle, so long os its coun% remains unclianged. A ship, continuing on 
this unchanged course, would trace out, on the suiface of the sphere, a winding or ^ 
spiral curve, called in narigation a rhumb limy and which is widely different in figwe 
from a circle. If a vessel were to start from*any point bctw*ecn the equator and either 
pole, and on a course inclined ever so little towards that pole, it would wind round tlie 
globe in this spiral path, approaching nearer and neaier to the pole, but rfbtually 
arriving at it only after it had circulated round it aa infinite number of times. 

It is the length of a portion of such a spiral line that it is one of the objects of 
na'iligation to calculate ; and it is pretty obvious that rules and foniiul®„8iipplied by 
sphtritMl trigonometry, can give no aid in#uch a calcuAfion ; since the latter science 
has nothing to do with the spiral curves which vessels at sea trace out. 
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OBJECTS OF TRICON C^ETRY. 


It YTO^d however, ih&l Uifise fipirals^oxi « 9 phert, are eq,ually external to the 
pr<^er,ol|e<^ ^ plam trigocMnaetry, whicli recoguizca only UnUght lines, drawn on a 
ilat 8ijirfiu)e» But it must be observed that navigatoif are not interested in any in^Tsti- 
gotions re^ectint^ tlie form or shape of the spiral of a ship : but only in its lengthy 
^iKtid in the angle it makes with the meridians orossed by itf Lmgthsy and the angles 
forme^by them, are of o<mse the proper objects of oonaideraliim in plane trigonometry ; 
and some notion may, therefore, be formed aa to how it happens that a ahip^s course, 
and distance sailed, are matters for inveatigatton by piano trigonometry, and not by 
spherical tnigonometry. In the latter subject, the fwrvn of the lines concerned cannot 
possibly be disregarded, any more than their lengdie ; it would not be spherical trigo- 
nometry unkusB the lines of which it treats ware all of them portions of great circles of 
the same sphere. Plane trigonometry regards lengths and aaglas only,— and these 
alone are aE that nlvigators require to be calculated. 

It is t^vious, tharefore, that in tffdcr to understand the sremes of navigation, tlio 
theory and practice of plane trigonometiy — as fer, at least, as the triangle is concerned — 
must be previously acquired; but modern books on Trigonometry, with but few 
exceptions, are very deficient in this needful preparatory instruction ; so that it 
becomes almost imperative upon a writer on navigation, who wishes to be clear and 
intelligible, to conduct bis reader through some amount of preliminary matter before 
formally entering upon the special object of his w'oik. We shall therefore introduce 
the^ubjeet by an article on the calculation of plane triangles ; referring to the Treat iae 
on Tjffgonometry, in the volume on the MATiinMATicAL Scibnceh, for the necessary 
theorct^l principles ; except in a few cases where it may be thought expedient to 
use rulis of operation not expressly provided for in that woik ; in such cases the theo- 
retical investigation will precede the practical rule. 

Bulvwe here apprise the learner that it is notour design to print extensive col- 
lections of Tahles. Even the most inexperienced of our readers mu^l be aware that 
this docs not come within the scope of the Ciuclf. op tiik SeitwcEs. Tables, more- 
over, require so much care in the composition, and such cautious and repeated nwisit.n 
in order to secure, accuracy, that the’ first edition of a sA of tables, of any extent, i- 
seldom regarded with implicit confidence. W(i shall, therefore, content ourselves, and 
probably, at the same time, the better satisfy the demands f'f our readers, by refen ing 
to tables which have already stood the test of long experience. There is no doubt, 
however, that, to many students, tables, exelu«;i\ely lor the purpose of facilitating the 
calculations of the practical seaman, v/ouM be regarded almost as an ineumbranei' ; 
most persons who roed this treatise, will v'ery likely do so for the sole puqiose of 
becoming acquainted with the general prin^,i]>lcs of a most valuable part of practical 
mathematics ; for the sole puipose of learning in what w-ay a few elementary theories, 

* inj)ure mathematics, arc made available for object - of such commercial and national 
importance, as the conducting a ship aoiyss the ocean from one port to another ; the 
daily registry of its position on the globe; the determination of its direct distance from 
any preceding position, however irregular its actual course between the two positions 
I may have been ; of its distance from the equator at any time, and from the meridian 
of Greenwich, &c,, &c. Tlfbse things are well worth inquiring into even by the non- 
professional student of science ; as they give a practical value, of the highest kind, to 
what inight*othcrwisc seem to^c but barren speculations. ^ 

Nothing can more forcibly illustrate tie importance of the theoretical principles 
developed in the mathematical volume above referred to than the application of those 
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principl(*s to Navigation and Nautical Astronomy ; for, aided by the CompaM and the 
Log, and by a simple optical instrument— the construction of which those principles 
have suggested — they instruct th(?5parincr to road aright the intelligence of the stars— 
those faithful finger-posts heaven, which direct him unerringly on his course across a 
vast and dreary expanse, where no human skill can erect a signal to guide, or a baacon to 
warn ; and where even the busy traffic of ages has loft no beaten pathway behind it. 

The ohject of the following treatise is to explain in simple language, but in a 
strictly scientific manner, how all this is brought about ; and while it will contain 
everything that can bo reasonably desired by the mathematical student, it will also 
furnish, to the practical seaman, the reasons on which his rules of calculation arc 
founded, and the principles on which his tables are constructed ; and will thus, we 
hope, f<)rm a useful accomx>aninicnt to whatever book of rules and tables he may choose 
to consult in thr ordinary exercise of his profusion. It is in^the highest degree 
desirable that persons engaged in a ealjing so responsible should he enabletf to judge 
for themselves of the soundness and accuracy of the directions which guide them, and 
not deliver themselves blindly up to authoritative rules : the amount of mathematical 
knowledge necessary to convert their art into a science is really very small ; and the 
satisfaction arising from knowing a thing as an ascertained truth, instead of receiving 
it upon trust, is alone sufficient to compensate for the time expended on the study of 
it. Besides, more printed directions can never suffice for unforeseen emergencies ; and 
in no occupation are these more likely to arise than amidst the hazardous duties 3f the 
sailors life. In such circunistancos a little science may often he of more avail than 
volumes of prescribed direction?! j and even in the ordinary calculations whief^ form 
part of tho evcr\ -day routine on shipboard, time and figures are often both thrown 
away by the urihcientific mariner, under the impression that he is iacreasjng the 
accuracy of Lis work, when he in reality, only encumbering it with errors. A very' 
meritorious writer, Lieut. Ila[>or, justly i*emarks, that very indistinct and erroneous 
notions prevail among practical persons on the subject of accuracy of computation, and 
much time is, in consequent*, often List in computing to a degree of precision whoDy 
inconsistent with that of the elements themselves. The mere habit of working 
invariably to a useless precision, while it can never advance the computer's knowledge 
of the siibjeci, has the unfavourable tendency of d(wiving those w’ho arc not aware 
j of the true nature of such questions into tho persuasion that a result is always as 
corrccl as the coraputor chooses to make it ; and thus load.'* them to place the same con- 
fidence :n all observations, provided only they are to the same degree of accuracy."* 

These arc very judicious observations ; and Incut. Kaper is, as far as v'S know, the only 
person who has drawn attention, in print'to this customary waste of calculation, 

The table.s which accompany hooks on navigation are, in general, computed to an 
extent of decimals — usually six or seven places — much beyond what the ordinary 
calculations of navigation require ; and the unscientific seaman uses them /?//, w^hen 
half the number would, in most cases, be amply sufficient ; hi.s fault is analo^ius to 
that of the ill-taught schoollx/y, who, having to multiply together two numbers of five 
decimals — the final decimal of each number being conftssedly inaccurate— is at the 
trouble of computing ten decimals in bis product, and fancies, if there be no error in 
his oi^ration, that they are all correct, whereas five of ^t^em at least are «wTODg, and, 
therefoAi, worse than useless. t , 

• The Practiee of Navigation and Nnntlcal Astronomy.’* By H. Baper, E.N., Secretary lb* 
Royal Astroaomieal Society. * 


ON LOGARITHMS 


We Aall now proceed to those preliminary matters which furnish the suitahle | 
introduction to the different sailings — plane sailing, parallel sailing, middle latitude | 
sailing, and Mercator’s sailing. ^ 

0% Logarithms. — Logarithms arc a pcculioi* kind of numbers, invented by Lord | 
Napier, for the purpose of shortening the calculations by common figures, whenever 
these calculations require the operations of Inulti plication or division, the raising of 
powers, or the extracting of roots. I 

Logarithms are of great importance in the computations of Navigation and Nautical I 
Astroroiny ; and it w'as mainly fur the purpose of reducing the labour of such com- 
putations that Napier was led to construct a table of logarithms. 

The peculiar clq>racter, and the practical use, of these imjiortant numbers may bo 
briefly explained as follows, the priiieipk? of Algebra, as given in our mathematical 
volume, being prcvfoiisly understooilT * 

It is shown in the treatise just referred to (&ec Algebra, page 193) that, a being 
any and x and y any exponents, 

X 0 ^ m ' ”, and ” ”, 


and, moreover, that whatever exponents m and n mav he, («”* )” m 

Now let us suppose that any number N could be written in the form <j', a being 
soqje chosen number fixed upon as a base^ and x the suitable exponent to justify the 
cquafion «* :£= N ; thus, the base a might be the number 2, or 3, or 4, or any other 
positive number different from unity, and it is plain that, whether we can find it or 
not, sofne value exists for x which would satisfy the equation just WTitten, whatever 
be the positive number N. There is no doubt, for instance, that a numerical value 
for X exists such that 2' = 12: the value of z must evidently lie betwi^cn 3 and 4 . 
Again, the value of a:, which satisfies the condition 2^ = 6, must ev idently lie between 
2 and 3. Now imagine two numbers thus represented, one of them N by and the 
other N' by ; then, from the princiidcs stated above, wo should have, by mul- 
j tipUcation and division, * * 

j a* X fl", that is, -rz NN' ; and a* — that is, s' = N N\ 

I where we see that the multiplication of the two numbers N,N' is replaced by the simple 
I addition of the two exponents a and y, in the proposed notation for those numbers, and 
I that the division of N by N' is replaced b} the simple subtraction of the exponent y from 
I the exponent x. The proper exponent to be placed over the base o, so that a- may 
I reiilace the ninphcr NN', is therefore = x y ; and the proper exponent, for the 

! number is s = x — y. It appears from this, that if a table were constructed in 

vi4iich the numbers 1, 2, 3, &c., up to the highest number likely to occur in calculation, 
were inserted, and against each nuniberl* were placed the proper exponent x — that is, 

1 such a value of x that the equation «* = w should, in each case, bo satisfied — the 
^ operations of multiplication and division might, by aid of the table, be eonvci*tcd into 
[ the simpler operations of a(Jdition .and subtraction. 

I Such a table was actually constructed by Napier ; it was afterwards improved by 
j Briggs, wl^p found that 10 was the most convenient number to choose for the ljj|ge a; 
j and the tables constructed fb%is base, an| in which arc inserted against cach% number 
j n the value of x proper to satisfy the equation 10' = n, are the modem tables of 
\ loparithtns : — the exponent ar, adapted to any proposed number n, being called the 


I 

i 

I 
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logarithm of n ; so that a table of logaritlRDS is nothing more than a table of e:^ozients-<-‘ 
the basc-numbcT, to which qach exponent is conceived to be attached, being 10. 

For example, suppose we want tjje logarithm of 67 : — in other words, that we require 
the value of the exponent Xy fltte j^^to satisfy the condition 10' = 67| we turn to the 
tables, and find the value tp be a: == 1-826075. 

In like manner, if wo want the logarithm of 68, or to solve the equation 10»=: 58, 
w'e find, ^rom the table, that x == 1-7634^8. Wc therefore say that log 67 = 1'826076, 
and log 58 = 1 763428 ; which is only another way of expressing that 
67 = and 58 = 

The product of these numbers is 67 X 58 = io»'»««o76 + i-7e3428 . that is, The 

quotient of the first by the second is 67 ~ 68 = — that is 

In other words, log (67 X 58) = 3‘589503, and log (67 -f- 68) = *062647. Turning 
now to the table, we find, against the logarithm 3 ‘589503, the numl^r 3886, and against 
; tile logarithm •06‘iC47,athe number 1-155 . . w*#conelude, therefqjre, without actually 
i pci forming the ojieration of multiplication or division, that 

i 67 X 58 = 3880, and 67 ~ 58 = M55 

1 And in a similar way may the product or quotient of any two numbers, within the 
I limits of the tabic, be found : for the produciy wc add the logs of the factors ; for tbo 
' quotient y wc subtract log of divisor from log of dividend. The result, in each case, is a 
j log, against which, in the table, is the product or quotient sought^ and iu this way 
j addition and subtraction, is made to replace the more lengthy operations of multiplication 
j and division. • 

j It must be noticed, however, that the integral part of the logarithm or exponent is 
j not inserted in the tabic— only tbo decimal part : the insertion of the integral part, or 
tndt'Xy as it is called, is unnecessary, because this index is at once known from inspection 
' of the number to which the logarithm belongs : thus, since 

10" == 1, 10* = 10, 10- = 100, 10* = 1000, 10* = 10000, &e., 
wc know that the log of a number between 1 and 10 must lie between 0 and 1 ; we 
know, therefore, that the index of a jmsitivc number, anywhere between these limits, 

I is 0. Wc sec, also, that the log of a^umber between 10 and 100 must lie between 1 
' and 2 , the index of such a number must therefore be 1. In like manner, since the log 
i of a number between 100 and 1000 must lie between 2 and 3, w*c know that the index 

I ' 

< of sueh a number must be 2 ; and so on. 

Ilonec the index of the log of a number consisting of but one integer — ^however 
' many decimals may follow that integer — is 0 ; the index of the log of a number con- 
I sisting two integers, however many decimals may follow, is 1 ; of a number consisting 
I of thrt ‘0 integers, the index of the log is 2 ; of a number consisting of four integers, the 
! index is 3 , and, generally, of a number consisting of n integers, the index of the log is 
n — 1. 

Wc have, therefore, only to count the figures in the integral part of a number, 
i disregarding the decimals, and then to -write down for the index of tbo log of that 
' number the figure denoting what was counted diminished by 1 : to this index the 
! proper decimal part of the log, called the mantissay which is funiished by the fable, is 
] to be united, when the complete log will be exhibited* Thus, for the numbers 43, 
j 58, 32*47, 67 813, 4I:c., the index, in each case, is 1 ; for each of the numbers 246, 835, 

I ()47«(tf), 158 72, &c., the index is 2 ; and so on. ^ * 

I f, fiowever, the number proposed haBc«no integral figures — that is, if it consist 
[ wholly of decimals — then the index of the log will be ntgatirc. For instance, suppose 
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* 3‘R47 

it® nutftlijr is '3547, wo may write It thus ; and, from the principles already 

aaplaioed, the log of the quotient thus indicated is log 3 247 — log 10 ; that is, log 
3*247 — 1. Consequently, the index of the log ^ -3247 is the index of log 3*247 
diminished by 1 : but as there is only one integer in the number 8*247, the index of its 
log is C *, therefore the index of log *3247 is 1. Suppose (ho number is *03247 \ this 
*3247 

may be written : hence log *03247 = bg *3247 — log 10 ; that is, = log *3247 


— 1 . but the index of log *3247, as just shown, is — 1 ; hence the index of log *03247 
IS — 2. Similarly, the index of log *003247 is — 3, that of log *0003247 is — 4, and 
so on. Consequently, whatever be the number whose log is required, we find the index 
of that log thus : — 

Coiuit how inanj, places the leading Jigt^e of the number is from the unit's place, 
and put down whatsis counted for iiqjcx 4 the figure thus put down will be plw if the 
counting is towards the right, and minus if towards the left ; or the rule is expressed ! 
otherwise, thus : — “ Place your pen between the first and second nouiin (not cipheu), j 
and count one for each figure or cipher, until you come to the decimal point ; the | 
number this gives will be the index. If you count to th(‘ right the index is positive, j 
if to the left it is negative.” (See Mathematical Scikni'Es, page 28/5). | 

The decimal part of the log of a number is always found against that number in 
the table, which is to bo referred to so soon as the index is written down. Because of 
this rc^dy W'ay of ascertaining what the index of the log of a numb(‘r is, it is not 
necGssaiy to insert more than the mantissa, or decimal part of the log, in the table ; 
but it ifS to ho observed that this decimal part is always plus. For instance, having first 1 
written down the proper index, we find, on referring to the table, that I 

log *3217 =■““ 1 + *511482, log *03247 = — 2 + *511482, log *003247= i 
— 3+ 511482, A:c. 

I 

But a more compact and convenient way of writing these logs is this, namely | 

log. ’3247 = 1-511482, log *03247 = 2 5114^, log •Q()3247 = 3 511482, kv,. i 
And in this form the logaiithins of numbers less than unity — that is, of numbers of | 
which all the figures arc decimals — are alway.s used in practice, 

The logarithmic operation fijr finding a product from its factors suggests that for | 
finding any power of a known root, or an}* root '^'f a known power, thus, since nu | 
merely denotes the product of 7; factors, '*a(h cqmd to the number u, wo have log j 


fiP z= p log n ; and sinet' if = r, we must have n z=z it follows that log n = p log r, 


and consequently that log r = 


logn 


We tims derive the follow ing practical rules 


• for performing the more troublesome operations of arithmetic in a .sliort and easy i 
mafiner by help of a taldc of logarithms. ; 

1 . Multfplicatiofi . — .From the table take the log of each factor; add these logs I 

together : the sum will be the log of the product of the factors ; and against this log in 
the tables will be found the product sought. j 

2. Division . — Subtract the log of the divisor from the log of the dividend . the 
remainder is the log of the quotient. 

3. Pouem, and Moots. — i^jultiply tlie log of the number to which the exponawt is 
attached, by that exponent, w^hethei* it bc^iMtegrnl or fractional : tlie result wilf bo the 
log of the power or root. 


BINES, C<}6IK£8, AND TANGENTS. 


As to the means which algebraists fiaTe derised for oonstmetiiig such g table as 
that here referred to, the student may consult the section on Logaritlims and Series in 
the volume on Ths Mathbmatio|^Ii Sciences : it has been thought suMcient, in this 
introductory article, to show the general principles on which tables of logs are based, 
without entering into details as to their actual formation. 

On tlia Sinea, Coainaa, Tange^ta, 4bc., of Angloa.--ln the volume on the 
Mathematical Sciences (pp. 294-5) the trigonometrical terms, sine, cosine, tangent, &c., 
arc defined in two differmt ways. For the purposes of navigation, the first of these ways 
will be found to be the more convenient, as wcU as the more intelligible to the learner. 
Taking the diagram at pnge 294, wc may explain the lines there figured as follows ; — 

Sim. —The sine of an angle AOB, or 

c . _ v» of the arc AB, wHieh* measures that 

! * angle, is the straight line drawn 

\ v the extremity B of the arc, at right 

j V angles to, and terminating in, the radius 

ml OA, di-awn to the commoneement of the 


I ( I \j Cosine. — And the cosine of the same 

; j j angle is the portion On of the radius 

I Q [ / - J between the centre 0 and the foot^ of 

' the sine. * 

! Tamjmt . — The tangent of the same angle is the line A/, touching the mt;asuring arc 

I A H at its commencement A, and terminating in the prolonged radius drawn through 
, the extremity ii. 

' Sicant . — And this prolonged radius, that is tiie line 0/, is the secant of the 
1 anjilcAOB. 

j As A is regarded as the oriirin or commencement of the arc u hich measures the angle 
AOB, so (j is regarded as the eonimcncement of the cmiplefneut of that arc ; that is, of 
the arc which, united to tlie former, ttiiikes up a quadrant or 90 \ The sine, cosine, &c., 
j of fhis arc (or of the angle vhich it measures) are the cosine, sine, &c., of the formei," 
‘ as ih obvious ; and the tangent and secant of tlu* latter aie CMlled the cotangent and 
' ant of the former ; thus : — 

< Qtatujent.^Thc cotangent of the angle AHB, or of the arc AB which measures it, 
the h'lie Chj drawn to touch the complement of that are at and terminafing m the 
bt'caii: Ot, or in tliat seeant prolonged. 

Cosecant . — And Oi/, drawn from the centre through B, up to the cotangent, is the 
cosecant of tJie angle AOB, or of the aic 

The lines licrc (h'fined refer to circular arcs and the angles u hich they mca'=!im’. 
The sides OA, OB of the angle at O, are e.ach equal to the radius of the circle here 
( fmsidered ■ if these sides or ladii had ]>ceu of any other length no change would have 
taken place in tlic angle at O; neither would any change have taken place in the 
tttonkr of (kjreis conlaiiied in the measuring arc; but the actual length of that arc 
would have varied, being longer than AB in a eirelc of lolfger radius, and shorter than 
A B in a cinde of shorter radius. On this account tlio sine, cosine, Ac*., of an arc are 
not xiiies of fix(‘d length.s for a fixed number of degiees : ^^legie e of one ciifle is douhle 
th(' length of a degree of another of onl^lwlf the radius of the former. Xow, in 
trigonometry, angles alone, mdopcndciitly of all connection u ith their measuring ares, 
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are almoft exclusively the subjects of consideration ; and it is therefore necessary that 
an invariable angle should have an invariable sine and cosine, &c. It is agreed, there- 
fore, that the trigonometrical sine, cosine, &c., 8ho?-'',yi be estimated according to the 
scale OA = 1 : in other words, that the abstract nufnber 1 being the numerical repre- 
sentative of the radius OA, the abstract numbei*s, which, roilformably to this scale, arc 
the niAicrical expressions for Bn, On, &c., should be coUei the trigonometrical sine, 
cosine, &c., of the angle AOB. The lines in tiro preceding diagram, considered as lines, 
aro the geometrical sine, cosine, tangent, &c., of the arc AB, or of the angle AOB to 
radius OA ; but viewed as merely linear representations of abstract numbers, OA 
denoting the abstract unit, they are the trigonometrical sine, cosine, tangent, &c., of 
the angle AOB. 

It is thus that the terms sine, cosine, tangent, &-c., as employed in trigonometry, arc 
regarded as ratios ; for from whnt has just 'Oecn said, 

* OA ■ Bw : ; 1 • trigonometrical sine of O. 

OA : (hi . : 1 , cosine . . 

OA’ 

OA . A< : ■ 1 : . . ... tangent . . 

&c. See. 

An^ generally any geometrical .sine, cosine, &r., divided by the radius of tlje arc uith 
which such sine, cosine, &c , is connected, is the trigonometrical sine, cosine, Ac., of 
the angle measured by that arc : hut in trigonometry the terras sine of an angle, cosine 
of an %ngle, &c. — without any prefix— arc siifficicntly explicit, because when geome- 
trical lines arc meant the fact is ahvay.s stah'd. 

The leaiucr will find it an assistance to keep the diagram at p.igo 7 before his mind 
in investigating the relations among the trigonometrical quantities, now considered, 
regarding the lines defined above as merely the linear representatives of the abstract 
numbers, sine, cosine, &c., the radius being the reiy csrntay ve of the abstract number 1 ; 
for he will have the aid of geometry to assist him in establishing the fundamental 
principles of trigonometry. Thus from Euclid, Prop. *1/, Book I., W(' know that 
B;r- + = OBi, OA‘ -f- ' = 0/', 00-= -f Cii^ == Ou\ 

so that we have from the first of tlicse, simO 4 eos'41 — 1 . . . fl) 

from the second, 1 -f- tairO = sec-O . . . (2) 

and from the third, 1 + cot-0 = coscc^O . . . ('!) 

Also from the property that the sides about the equal angles of equiangular 

triangles are proportional (Kuc. Prop. 4, B. ¥1,), we find, upon comparing together the 
equiangular right-angled triangles BO/i, tOA, a,i also the equiangular right-angled 
trifuigles BOw, wOC, that 

.sinO tanO sinO , . 

cos O 1 cos O 

cos O cot 0 cos 0 

sm 0 • 1 am O ^ ^ 


”cQiJ%e O 
1 


sin 0 = - 

cosec 0 

^ ^ 1 

cos 0 = — - 
sec O 
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These fiindatnental relations will suffice for our present purpose. ^ We Ictkn — 

From (1), that sin 0 = t/y. — cos^O) ; and cos 0 = — sin^O). 

From (2), that see 0 = -f- tan*0) ; and tan 0 = ^'(sec^O — I). 

From (3), that co§ec 0 = ^^(1 + cot*0) ; and cot 0 ~ ^(cobcc’O — 1). 

From (4) (5), that tan 0 = — ^ ; and cot 0 = — . 

^ ^ ookO* tanO 

And from f6) (7), that coscc 0 = ; and sec 0 =r ~ — . 

^ ^ ' smO * cosO 

Fi)r the more general theory of the trigonometrical ratios, the student is referred 
; to tlic treatise on Thigonometky. 

i t 

% 

On the Tables ef Sines, Cosines, tangents, &c. — The numerical values 
' of the trigonometrical lines considered above an* computed according to the scale 
I radius == 1, and arc arranged in tables called tables of fiatural cosines^ kc. As 
I tangents, cotangents, secants, and cosecants, may he deduced with but little trouble 
from sines and cosines, as shown above, and as, moreover, the natural sines, cosines, 
i Ac., are s* Idom employed in navigation, the tables of these, which accompany books 
I on that subject, usuallj' give only the sines and cosines. But the tables which furnish 
Iho logarithms of these, being indispensable in most of the caleulati^'us perfonnet^ by 
tJio mariner, arc always given in a complete form, and contain the logarithmic*8ines, 
Cosines, tangents, cotangent^, and cor^ecants of all angles from O'" up to 90"*. In the 
i former tables the numerical valuc.s of the sine and cosine of every angle between 
O' and 90'" is less than 1, because the radius itself is only 1 : the logarithms of all 
' these sines and cosines would, therefore, have negative indices (page o), which is 
an inconvenience in practice. To remedy this, the logarithmic tables are computed, 
not to the sc ale rad. = 1, but to the scale rad. = which is so large as to preclude 
' the posiiibility of any logarithm in the tables requiring a negative index : in these 
tables the inde.x, or integral part of Ac log, is alway.s inserted before the decimal part, 
Avhilc in the logs of numbers, as already stated, the index is omitted. 

Xow, in investigating the rules and formula* of trigonometry, the argument always 
proceeds on the supposition that the numerical value of the radius is 1 ; and conse- 
qiKMitly, in the practical application of those rules and formul®, it must be borne in 
rern-'mbrance, when logs arc used, that the radius is taken 10‘® times as great,— 
that is, instead of the log of a natural sine, cosine, &c., we employ in reality the log 
of 10*® times that natural sine, cosine, &c.^ For instance, if wc call any natural sine, 

I cosine, &e., Pt the logarithmic tables will give us, not log p, but log 10*®p, — that is, 
log 10*® log p ; or since log 10*® is lOlog 10 = 10 X 1» the tables will give ^us 

; 10 + log p, so that the log of every natural sine, cosine, &c., is increased by 10. In 
i order, therefore, that our practical results may agree with our theoretical formulae, 

; these superfluous lO’s — introduced merely to avoid negative logs — must bo suppressed 
I at the close of our operation. If in our work as many of these loganthmic trigono- 
metrical quantities are used subtractively as are used adHitivcly, then, of course, as 
the superfluous lO's destroy one another, no correction of the final result becomes 
necedlary ; but if more of these logs are additive tham subtractive, as many lO's as 
mark the excess of additive over subtracti^ 4og8 must be suppressed in the result ; 
and if the excess is in favour of the subtractive logs, bo many lO’a must bo introduced. 
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The suppiestion or the introdnctiou of a 10, iif any amount, is so easy a matter that 
the trouble attending it is not worth consideration, in comparison with the advantages 
gained by the avoidance of logs with negative indi<j*^. 

What has now been said being understood, l9t us suppose that, by aid of the 
algebraic series and formulae in our volume on Mathematical J?cience, the two sets of 
trigonoTnctrical tables have been constructed, — namely, tables of natural sines, cosines, 
&c., and tables of logarithmic sines, cosines, &Cf ; and let us endeavour to sec a little into 
the use and advantages of what is thus supplied, in tho calculations of plane triangles. 

And first as to the table of natural sines, cosines, &c. By referring to tho diagram 
at page 7, wo see that this table supplies, ab'cady computed for us, tlic numerical 
lengths of tho sides of two similar right-angled triangles OB«, O^A, whatever bo the 
angle 0, irom 0^= 0®, up to 0 = 90®. We may be quite sure, therefore, whatever bo 
the magnitude or shape of any right-angl<fU triangle met with in practice, that two 
triangles, tY, will always bo found in the table f the sides of tho one, 
OB/f, being computed to the scale OB, the hypotenuse, =: 1, and the sides of the otht't 
to the same scale, the base OA, =: 1. The table thus furnishes us with the perpendi- 
cular and base of every possible right-angled triangle whose hypotenuse is 1, and also 
with the perpendicular and hypotenuse of every possible right-angled triangle whose 
base is 1. 

Now the sides about the equal angles of equiangular triangles are proportional j 
(Eutf. J*rop. 4, Book YI.), so that if otte side only ol a triangle be known, and a/i the | 
sides of another, equiangular to it, be given, we can compute the unknown sides of the i 
former by simple proportion. It follows, therefore, that if one side only of any right- 
angled*ti-iangle, with which we may be engaged in practice, be measured, wc shall be j 
able to calculate each of the other sides, in this manner, provided only wc know where 
to look fur the triangle, equiangular to the pr<»posed tiianglc, in the table. 

As already observed, there arc always two sui li equiangular triangles in every 
complete table of natural sines, cosines, &e., so that we have a choice as to wbicrli 
shall be compared with the triangle to be calculated; but wc must, of course, -take . 
whichever wo may, — bo catoful to compare base with base, perpendicular with perpen- , 
dicular, and hypotenuse with hj'potenuse. The sides of the two triangles OBw, O^A, ; 
computed in the table, do not, however, go by these names : the base of the triangle ' 
OB« is called cosine of the angle 0, the perpendicular is called stnr of the angle 0, and ■ 
the hypotenuse is called radius, or 1. Also the base of the similar triangle O^A is ' 
radius or 1, the perpendicular ir tangent of ihe angle 0, and the hypolcniisc is secant , 
of the angle 0 : the angle 0, expressed in degi-ecs and minutes, is thus a sufficient j 
guide to direct us to that part of the table* where the equiangular triangle we are in 
search of is to be found. 1 

• It is always best to fix upon that one of the two tabular triangles in which the 
unit-length, or radius, corresponds to the given side of the triangle proposed for calcu- 
lation. Thus, if the given side be the hypotenuse, we should compare our triangle 
wuth the tabular triangle OB«, because in this the hypotenuse is 1 ; we should then 
have to compare the perpendicular of the proposed triangle with Bn, that is with sin 
O, and the base with On, that is with cos 0. For example, if tho angle equivalent to 
0, and the hypotenuse were given to find the perpendicular and tho base, then, 
referring to the necessary pitriJlculars, on thp page of the table headed by thc^cffigrccB 
and minutes in the given angle, wo shdUlu bo supplied with the first three terms of 
the proportion. 
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1 : aiaO : : gi'Mibyp : required p«rpy # 

Consequently the required perp sst 3 = hyp X 0. 

Aiso, 1 : cos d : : given hyp : required base, 
Consequently tlft required base as: ^ - 5?* 9 -- liyp ^ (^qs 0. 


! 

I 


i 



As the first term of each proportiot is 1, all division is thus avoided ; and the 
operation reduced merely to the multiplication together of two factors. 

On the other hand, if the base were given to find the perpendicular and hypotenuse, 
the other tabular triangle, 0/A, would be the better to compare with the proposed one, 
because the radius or unit-line here is OA, the base^ corresponding to the side given, 
and the proportions would he ^ 

1 ; tan 0 : ; given bajo : required perp, 
an3 1 : sec 0 : : given base : required hyp ; * 

required perp = base X tan 0, and required hyp base X sec 0. 

As to the tables of logarithmic sines, cosines, Ac., little need be said in addition to 
wha^has already been stated ; they furnish the logarithms of the tabular numbers in 
the table of natural sines, cosines, &:c., with the addition of 10 to each logarithm, as 
before explained. By using the logarithmic tables, we convert the •multiplication of 
tho two factors adverted to above, into the addition of the corresponding logaritltfiis- 
Sufficient practical details of these operations will be given in the next article. 

It may be noticed here, however, that in what is said above, as to the assistance 
afforded by trigonometrical tables, our observations have had exclusive reference to 
nghi-angled triangles ; wc shall shortly see that they are equally available for oblique- 
angled triangles ; but it will strike the learner as a remarkable fact that, notwith- 
standing the complicated character of the curve, traced on the surface of the globe by 
the course of a ship, all the calculations in reference to the different sailings, involve 
only right-angled triangles — the simplest kind of triangles with which trigonometry 
has to deal ; we shall therefofe give 8 distinct article on the calculation of the sides 
and angles of right-angled triangles. 

To Calculate the Sidea and Angles of Aight-angled Triangles.— The 

sides and angles of any triangle make up what arc called the six parts of th(‘ triangle ; 
and if any three of these six ])arts, provided they are not the thi*ce angles, be given, 
the renifdning three can be fmud by calculation. In a right-angled triangle one of 
the si.\ parts is always known — naniely, tlje right angle, so that a side and one of the 
acute angles, or two sides, being measured, we can always calculate the remaining 
parts. , 

The reason that the three angles alone will not suffice for the determination of the 
other three parts — tho throe sides — is obvious from the simplest principles of geometry ; 
for all equiangular triangles are alike, as respects the equality of the angles, so that, 
from the angb's alone, we could not conclude to vdiicli one, out of an infinite variety 
of similar triangles, the proposed angles arc considered t(f belong, for they belong in 
reality equally to all. 

Turn right-angled triangle the given parts must thercfi)»e be cither — 

* 1. A side and one of the lc«tc angles, or 

2. Two of the sides, to find tho remaining parts. 
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t I. When the Hypotenme and one of the Acute Angles are given. 

Let the h3rpotenu3e AB, and the angle A ho given ; then turning to the diagram at 
page 7 we ehoiild compare the given side AB, 

with the radius OB, as directed above ; so that • ^ 

OBm would be the tabular triangle equiangular • * 

to the triangle ABC. And, therefore, if c denote • , ^ 

the numerical length of AB» since the numerical 

length of OB is 1, AB = OB X c ; consequently, ^ 

a and b being the numerical lengths of BC, and 
AC, wc have, since the like sides are proper- 
tional, 

BC = B» X c, and AC = On x c, ^ ® 

that is, ' 

fl = f F’n A,*=and h =r c cos A. 

Hence thlfe following rule : — 

Rule. — Multiply the given hypotenuse by the sine of the angle at the base ; the 
g product is the perpendicular. Multiply the given hyi) 0 - 
y/ tenuse by the cosine of the angle at the base . the product 
/ is the base. 

/ Or work by the following formula, 

pcip = hyp X Bin ang at base ; base = hyp X cos ang at 
« y" base, 

/ which by logarithms will be, 

log perp = log hyp log sin ang at base — 10 ; 
log base = log hyp log cos ang at base — 1 0. 

Example 1. — In the right-angled triangle ABC arc given 

^ ® AB = 480 feet, and the angle A = 53' 5' ; required the 

perpendicular BC, and the base AC. 

1. To find the perpendicular BC. 


Without logarithms. 

BC AB sin A. 

Sin A, 53= 5', = ‘7905 
AB z= 480 

639600 

31980 

BC =z 383 7600 


• AV ith logarithms. 

liOg BC =. log Ali + log sin A — 10. 
— 10 

Log AB = log 4S0 = 2‘681i 
Log sin A, bV 5', zz; 9*9028 

Log BC = log 383-8 = 2 5840 


Hence BC is 383*8 feet. 

• 2. To find the base AC. 

AC =z: AB cos A. Log AC = log AB -J- log cos A — 10. 

Cos A, 63“ 6\ = *6006 — 10 

AB z= 480 Log AB = log 480 = 2*C812 

Log cos A, 63° 6', = 9*7786 

• 480*480 

24024 Log AC = log 288*3 = 2*4598 


ACVl; 288*2880 


Hence AC is 288*3 feet. 
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In solving the preceding example we have taken only /bur places of decimals from 
the tables ; this is a number quite sufficient for all the ordinary purposes of navigation, 
and it will be remembered that thf 'i)re8ont introductory article is only preparatory to 
the discussion of that subject. 

If, instead of the angle A at the base, the angle B at the vertex had bccn^given, 
the operation would have Seen much the same as that above ; for, since A = 90® — B, 
sin A = cos B ; and cos A = sin B, because the sine and cosine of an angle arc 
respectively the same as the cosine and sine of tlie complement of that angle ; so that 
where wc have used above sin A, we should have used its equal cos B ; and where wo 
have used cos A we should have substituted its equal sin B. This must be observed 
in solving the last three of the following examples. 

• 

2. In the triangle ABC (last figure^ arc given 

AB *= 29 1 , angle A = 60 ', find AC, BC. • 

Ans. AC = 195, BC = 216. 

Given AB = 480, angle A =: 53^ 8', to find AC, BC- 
Ans. AC = 288, BC = 384. 

1. Given AB = 521, angle B 36® 6', to find AC, BC. 

• Ana. AC = 307, BC =: 421 . 

5. Given AB = C45, angle B = oO® 50', to find AC, BO. ^ 

Ans. AC = 500, BC = 407‘4. 

G. Given AB = 98, angle B z= 33’ 12', to find AC, BC. 

' Ans. AC = 53*66, BC = 82*01. 


II. — When the base or perpendicular^ and one of the acute angles are given. 

L(‘t the base AC, and the angle A be given : then, referring to the diagram at i)agc 
7, we are to compare the given side AC wdth the radius, or unit-line, 0 A ; so that 
OiX ii» the tabular triangle n«v to bo«refcrrcd to. As AC is b times OA, therefore, 
because the proposed and tabular triangles are equiangular, BC must be b times A^, and 
AB b times Ot ; that is, 

a = b tan A, and e — i sec A. 

IIcn<'c the following rule ; — 

Bi 1 1 . — Midliply the given base by the tangent of the angle at the base . the pro- 
duct w ill be the perpendicular. Multiply fhe given base by the secant of the angle at 
the base : the product will be the hypotenuse. 

In a right-angled triangle either of the two perpendicular sides may bo regarded as 
the base, and the other as the pcri)cndicular ; so that two distinct rules would Ifc 
unnecessary. And as in the former case, when, the vertical angle B is given instead of 
the base angle A, the former may take the place of the latter in the operation, provided 
only that wo write cotan for tan, and cosec for sec. 

But, as already observed at page 9, the tables of natura/ sines and cosines, which 
accompany books on navigation, do not, in general, furnish the natural tangents and 
secants ; so that, if this table be employed in the work, we must make use pf the rela- 
tions established at page 8, namely, 

1 


. . sin A . 

tan A = r-, sec A = . 

cos A cos A 


• • 

cotan B = 


cos B -D 1 

cosec B = -r— 

sift B sm B 
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SOLUTION OF UiaHT-ANGLE!) TRIANGLES. 


The working formulsB for the present case are as follows : 

pe^ = base X tan ang at base ; hyp == base X sec ong at base. 

Or, by logarithms, * 

log porp = log base -f log tan ang at ba«jp -• 10 ; 

^ log hyp = log base + log sec ang at hasp — 10. 

The first of these formulae, if the table rt^erred to be limited to natural sines and 
cosines only, must be replaced by 

base X s iu ang at base , base 

agreeably to the relations given above. 

' EXA^LES. 

1. In* the right-angled triangle *AB(?, at page 12, are giten the base AC = I]27, 
and the angle A = 5V 17' : required the perpendicular BC, and the hypotenuse AB. 


1. To find the perpendicular BC. 


AVithout logarithms. 


With logarithms. 


BC = 

log BC == log A(^ -f log 

tan A - 10. 

• ^ COH \ j 


— 10 

sm A, 54 17', = -8119 

AC = 327 ... . 

. 2-5145 

AC = 327 ■ 

1 

tan aV, 54“ 17' . . . 

. 10*1433 

5G833 (Sou Ibc ' 

10238 remarks i 

log BC, 454*8 . . . 

. 2-6578 

24307 atp.l8). | 


— — 

CO* 54’ 17' = •5838)265-4»l 3(464-8 = BC i 

Hence BC sc 454 8 

2. To find the hypotej^use AI^ 


ab=-4C I 

log AB = log AC + log 

sec A — 10. 

tos A 


— 10 

■5s:vs) 327 (560 = AB i 

2919 ! 

AC = 327 . 

. 2'5ll5 

— 

sec A, ol”* 17' . - 

. 10-2338 

351 i 


i 

AB, 560 . . . . 

. 2 7483 


The logarithmic operation naght have been x>orforiued as leadlly by using the 
fitrmula for AB, on the left, which gives 

log AB = log AC — log cos A + 10. 

The work by this formula will be as follows : 


AC => 327 . 
cos A, ir 

AB =^60 . 


10 

. 2'dUd 
, - 9*7662 

. ^483 


2. In the triangle ABC, page 12, arc given AC = 195, and the angle A = 470’ 55', 
to find BC and AB. ‘ , Ans. BC = 216, AB = 291. 
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3. Given AC = 288, and the angle A = SS"' 8', to find BC and AB. 

Ans. BC = 384, AB z= 480. 

4. Given AC = 421, and the Ipgle A = 36’ G', to find BC and AB. 

• ^ Ans. BC=:307. AB = 521. 

6. Given AC = 62f5, apd the angle B = 41® 16', to find BC and AB. * 

, Ana. BC = 713, AB = 948. 

6. Given the base of a right-angled triangle 346 and the opposite angle 54® 36' : 
required the perpendicular and hypotenuse. 

Ans. Perp. 216*2, Hyp. 4251. 

HI. Tf^hen the hypotenuse and one of the other sides arc given. 

Ix't the hypotenuse AB, and the perpendicular BC be given ; tten comparing AB 
wiili the radius or i.nit Jino OB in the diagrart! at jiuge 7, the tabular triangle,!) li;;, w ill 
be that to which the proposed triangle is to be compared «'ind since AB is c times OB, 
therefore BC is c times B» ; that is to say, 

a = BC = c sin A, therefore sin A = 

(? 

If the base were given instead of the perpendicular, then wc should have 
h = AC = e cos A, therefore cos A = - . 

« t 

The rule is therefore as follows . — • 

llvu:. — Divide the pcrpendicula: hy the hypotenuse . the quotient will be thj* sine 
of the angle at the base. Divide the base by the hypottmuse ; the quotient will be the 
cosine of the angle at the base. 

All angle being thus determined, the remaining side of the triangle may be found 

by cithei of the preceding rules. Or, without first finding an angle, Uu‘ tliird side of 

any right-angled triangle may be determined from the other two, by the 47th of 

Book r. of Euclid ; for since c- = <i' -I* 6* ; ai' — c*- — and = C' — <?-. The 

u orkiiig formula* for finding the angle#, when the hypotenuse and a side are given, arc 

. , pcip ^ , base 

sill ang at base = ; cos ang at base = . 

Or, by logarithms, 

lv>g sin ang at base = log porp — log hyp + 10 ; 
log cos aiig at base = log base — log hyp -^10. 

Examples. 

1. In the right-angled triangle ABC, i)a|;e 12, are given the hypotenuse AB = 180, 
and the por\>cndicular BC = 384, to find the angles A, B, and the base AC 

1 . To find the angles A, B. 

Without logarithms. With logarithms. 


sin A = 


BC 


"AB* 

480)384(-8 = sin 63" 8' 
384 


log sin A = log BC — log AB -f 10 
10 

. 2-6843 

. -2-6812 


BC, 381 . 
AB, 480 . 

*1 .sin A, 63'* 8' 


9 9031 


ConiMjquenlJy A = 53’ 8', 




B = 90’ — W’ 8' 


■w 
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fJOLUTION OF lUGOT-ANGLED TRIANGLES. 


2. To find iUe base AC. 


AC = AB cos A 

1 log AC = log AB -j- log cos A — 10 

eos A, 53“ 8', =: *6 

1 7 

— 10 

480 X -6 = 288 = AC j 

1 AB, 480 , 

. 2*6812 

AC is thus determined with very little i 

' COS A, 53’ 8' 

. 9*7781 

tnuihle. 

i 

• AC, 288 . 

. 2*4-593 

To find the base witlioul the aid cf the angle, wo have 

= AB'i — 1!C- = (AB + BC) (AB — BC) = SC4 X 90 - 

829U 


^ 829-1 i (2S8 ; or by logs log 861 =; 2*936o 
' 4 • log 9G = 1 -9823 


48) 129 
384 

508)4.544 

4.544 


2)4-9ft(.S 


log 288 = 2*4.501 


Consequontly AC = 288. The sum of the two logs on the light is divided by 2, 
because the liiilf uf the log of a number is the log of the square root of that number 
(see page 6). 

2. * Given the hypotenuse All = 237, and the peq)endicular lUJ = 197, to tind the 

angles and the base. Aiis. A = 56’ 13', 11 = 33’ 47', Base = 132. 

3. Given the hypotenuse AB = 61.5, and the perpendicular BC = 407'4, to find 

the angles and the bu'^o, Ans. A = 39^ 10', B = 50' 50', Base =: 500. 

3. Given the hypotei use AB = 400, and the base AC 2S6, to find the angles 

I and the perpendicular. Ans. A n: 53’ 51', B 36’ 9', Berp = 323. 

1 4. Given the hypotenuse AB ~ .51*68, and the base AC .35'5, to find the angles 

j and the perpendicular. Ajh. A = 49’ 31', B ~ 40’ 29', Perp = ll'G. 

‘ 5. Given the hypotenuse of a right-angled triangle =: 779 'S, and the }>crpeii- 

! dicidar = 72.5, to find the vertical angle and the ba«e 
1 An^. 2r 36', and 287*1. 

1 6. Givc'n the liYpotr*nu-'e =: 780-6, and the base = GOT’C, to find the angle at t!ic 

j base, and the perpendicular. An.s. 38 53', and 490. 

( • 

I ^ IV. IV hen the base and perpendicular are ffivcv, 

' The base AC = 5, and the perpendicular BC zn a being given, wt' are to compare 
! the triangle 'with the tabular triangle OA^ of which the base OA = 1 . we thus ha\e 
! BC =z b times A/, that is 

j ’ 

; , = 5 tan A /. tan .V = 

I ' 

- Consequently the rule for finding the angle A at the base is as follows : — 
j lluLE. — Divide the perpendicular by the base the quotient 'will be the ta: gent of 
! the angle at the base. Or, divide the base by the perpendicular : the quotient will be 
j the tangent of jtho angle att the vertex. The hypotenuse may be found without 
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first finding the angles by EucKd 47thi»of Book I. : thus Th^ lormulae 

for finding either angle is therefore 

tan ang at base ; ton ang at vertex = — 

^ base ° pern 

Or, by logarithms, . ^ 

log tan ai^ at base = log perp — log base + 10 ; ^ 

log tan ang at vertex log base — log perp -f 10. 


1. In the right-angled triangle ABC, page 12, are given the base AC = 288, and 
the perpendicular BC = 384, to find the angles and the hjrpotcnuse. 

1 . 2o Jind t/te^anffles A, B. > 

Without lofjarithms. j « , With logjirithms. 

BC I A nn 1 An i -ia 


tan A = 

288)384(1-3333 . 
288 


— tan A, 53’ 8'. 


log tan A == log BC — log AC + 10, 
10 

BC, 384 2 ‘5843 

AC, 288 .... -.2-4594 

tan A, 53" 8' . . . 10*1249 


A = 53" 8', and B = 90" - A = 36" 52'. 
2. Tu find the hyyoienme AB. 

AB = t/ (AC2 -f BCO ‘ AB = A 


288-= 82944 
384'^= 147456 

230400(480 = AB 
16 

88y~704 

704 


AB = AC see A. 

log AB = log AC -1- log sec A — 10. 

— 10 

AC, 288 2-4594 

sec A, 53" S' ... . 10 2219 


; In tin ■ foregoing example a table of natural tangents and seoanU is necessary to : 
' enable us to find the required parts without logarithms, and in the sliortest manner j j 
‘ tan A being determined as above, and then AB from tho formula AC sec A. i 

In all works on Navigation, as also in most books on Trigonometry, the calculation ; 
of the several cases of right-angled triangles is performed exclusively by logarithms . ! 
I the learner will perceive,' from the illusti-ations furnished above, that, in general, the 
j work is more expeditious without logarithms than with them ; and that it would be of ! 
advantage to the practical navigator if tables more comprehensive than those generally j 
given— that is, tables including the natural tangents and secants — were bound up with j 
books on navigation. As the preceding examples show, a single reference to such a , 
table suffices for tho discovery of the unknown part ; whereas three references to the , 
logarithmic tables are necessary. In the latter ifiodo of working, fewer figures may , 
ap];) 0 ^»^' on tlic paper, but the time occupied in two searchings in the table, out of three, ^ 
is saved ; and, in operations of this kin(J;> i^ifcrring to tables, and transcribing the j 
figures, constitute the principal part of tin trouble. ; 


NAVIGATION AND ASTRONOMY.— No. I. 



IS 


THE CONTRACTED METHOD OF CALCULATION. 


C08 54® 17' = -5838)265 49(454-8 
23352 


The 45 reatest amount of arithmetical woru£ involved in any of tiie 
flolutiona occurs in the example at page 14 ; but 
the multiplication and division operations there 17' = 

indicated, according to the common beaten track,. 

may be pruned of many superfluous figures by , ' 24357 

using* the contracted methods: thus, to multiply , 1024 

*8119 by 327, in the shortest way, without ,sacri- 568 

ficing accuracy in the result, write the figures of 

the multiplier in reverse order thus, 723 ; and mul- ^ 23352 

tiply as in the margin, rejecting from the mul- — 

tiplicand a figure at every step, after the first, but 3197 

attendiijg to the carryings from the rejected figures. 2919 

And similarly for * contracted division, ai exem- ^ 

plified at the page, referred to, an^. again here in *, 

the margin. It will be observed, however, that 

the whole of the division part of this work w'ould 45 

have been saved if tan 54® 17' had been supplied 46 

by the tables : the entire work would then have 
stood as here annexed. 

_ A person but moderately expert in the simple operations 

tan / — 1 o^^^8 arithmetic could execute the work in the margin in les.s 

time than it would take to refer to the logarithmic tables, and 

41724 to transcribe therefrom a single number. And then the 
2782 numerical process, being placed permanently before the eye, 
^74 ig very easily revised if eiror be suspected. These obviou'^ 
BC -“ 454 80 ^^^“^tages are of sufficient importance to justify the entire 
abandonment of logarithms in tho.se calculations of Navi- 
gation — and they include nearly all — in which right-angled 
triangles only arc concerned. When oblique-angled triangles are the subjects of 
compulation, the case is different ; as the logarithmic operation has then, w-ith few 
exceptions, the advantage over that with the natural numbers, as will bo sufficiently 
seen in the next article. 

2. In the right-angled triangle ABC, arc given the base AC = 101*9, and the 
perpendicular BC =: 195*4, to find the angles and the hypotenuse. 

Ans. A = 62^ 27', B = 27® 33', AB = 220*3. 

3. Given the base AC == 659*8, and the perpendicular BC = 520*5, to find tlie 

oUicr parts. Ans. A =<8® 16', B = 51® 44', AB = 840*4. 

4. Given the base AC r= 35*5, and the petpendicnlar BC = 41*6, to find the other 

pirts. Ans. A = 49® 31', B = 40^ 29', AB = 64-<i8. 

5. Given the base AC = 32*76, and the perpendicular BC =; 46*58, to find the 

vortical angle B. Ans. B = 35® 7'. 

6. Given the base AC = 53*66, and the perpendicular BC = 82*01, to find the 
angles and the hypotenuse. Ans. A = 56® 48', B i= 33® 12', AC = 98. 


tan 54® 17® = 1*3908 
^ , 723 


BC rr 454*80 


Miscdlaneous Examples in the Calculation of Right-angled Triangles. 

1. The angle of elevation ACD of the top A, of a tower, was found to be 55® 54' ; 


SOLUTION I WITHOUT LOOAEITHMS. 
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and from the station 100 feot from C in ike tame stnugkt H&e DB, tbe^ 
elevation ABD waa found to be 33" 20"* : wkat was tbe hdglit of the tower ? 


Solutfbn without Logarithms. 

By right-angled triangles, 

DO = AD tan SaD, DB = AD tan BAD, 

DB — DC = BO = AD (tan B\d — tan CAD). 

But BAD = 90'’ — 33’ 20' = 56’ 40', and CAD = 

90’ — 65’ 54' = 34’ 6', 

BO = 100 = AD (tan 66’ 40' - tan 34’ 6'). 

By referring to a table of natural tangents, we find 
Tan 66^ 40' = l*o2<^ 

Tan ai-* 6' = *6771. , 

The difference = 8,4,3,3)100 (118*6 «: AD. 

8433 


angle of 



Tlie division"hcrc is by the contracted 
method, recommended above. 


Hence the height of the tower is 118 -6 feet, very nearly ; it is acieurately between | 
1 18’fi feet and 118-6 feet . but nearer the latter than the former. 

To solve such examples as this by logarithms, as is done in the books, the compu- | 
tation of an oblique-angled-lriangle’^namely, of the triangle ABU, is ncccssarj* ; and 
there will he five references to the logarithmic tables. In the above operation two 
referemes to a table suffice; and the aubaequent arithmetical work, >vhatever number 
the dividend in Uic division may be, W'ill always be trifling if the contracted method 
of dividing he employed. 

2. From the top of a castle, 00 feet high, standing upon a hill near the aca-shore, , 
the angle of depression HTS of a ship at anchor was observed to be 4 ’ 52' ; and the 
angle of depression OBS, taken from the bottom of the castle, was found to be V 2’. 
"WTiat was the distance AS of the ship ? % 

% 

tSotution without Logarithms. * { 

Since TH is parallel to AS, the angle AST is equal to the angle HTS (Euc. 29, I.) 
j£ T For a like reason the angle ASB is equal to the angle . 

OBS. Consequently, the angles of elevation AST, ; 

^ ASB are known— namclj*, AST = 4'’ 52', and ASB | 

By right-angled tria|igles, * 

Jr~ ATfeSA tan AST, AB = SA tan ASB, | 

AT - AB = GO == SA (tan AST - ton ASB), 
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MISCELLANEOUS EXAMPLES. 


By iK; table of natural tangents, wc find ^ 

Tan AST = tan 4** 62' = *0861 
Tan ASB = tan 4° 2'= *0705 

The difference = *01,4,6)60 (4100 => SA. 

' 584 

• “l6 
15 

1 

Consequently, the horizontal distance of the ship is 4100 feet, or 1367 yards, vory 
nearly. By milltipfying SA by tan ASB, we shall gel the height of the hill — namely, 
•0705 >: 4100 = 289 = AB. 

3. The angle of elevation of the top of a tower was found to be 46’ 30', the place 

of observation from the bottom being 220 feet distant^in a horizontal line : required 
the height of the tower. A ns. 232 feet. 

4. At a horizontal distance of 45 yards from the bottom of a steeple the angle c>f 

elevation of the top was found to be 48^ 12' ; the height of the observer’s eye was 
5 feet ; required the height of the steeple. Ans. 52 yards. 

5. In order to find the height of a castle surrounded by a moat, the angle of 

elevation of its top was taken from a convenient station and found to be 46 10' ; then 
at a station 110 yards further off, but in the same horizontal line as the former station 
and the bottom of the castle, the angle of elevation was again taken and found to be 
29® 66' : required the height of the castle. Ans. 141*6 yards. 

6. The height of an inaccessible object being required, the angle of elevation was 

taken at some distance from it and found to be 51® SCf, and then a further distance of 
75 feet being measured in the same horizontal line, the angle of edevation was again j 
token and found to be 26® 30'. What was the h^ght of.thc object, and at what hori- j 
zontal distance was it from the first place of observation ^ ! 

Ans. height 61*97 feet ; distanee 49*29 feet | 

7. From the top of a ship’s mast, 80 feet above the water, the angle of dcpresiiion ' 

of another ship’s hull was taken, and found to be 20’. What was the distance between ‘ 
the ships ? Ans. 220 feet. j 

8. From the top of a lighthouse, 85 feet high, reckoning from the summit of the rock 
on which it stands, the angle of depression of a ship at anchor was found to bo 3® 38', | 
and the angle at the bottom of the lighttoiise, or top of the rock, was found to bo ' 

* 2® 43' : required the horizontal distance of the ship and the height of the rock above 

tlic level of the sea. Ans. distance 6296 feet, height of rock 251 feet. 

9. From the edge of a ditch, 36 feet wide, surrounding a fort, the angle of elevation 
of the top of the wall was found to be 62® 40' : required the height of the wall, and 
the length of a scaling ladder to reach from the edge of the ditch to the top. 

Ans. wall 69*6 feet, ladder 78*4 feet. 

10. In the year 1784, two observers on Blackhcath, at the distance of exactly a i 
mile one behind the other, oba^rved the angle of elevation of Lunardi’s balloon, at the 
same instant of time ; these angles wcro‘3v' 52' and 30^ 58' respectively ; required the 

J perpendicular height of the balloon. Ans. 3 miles. 
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To Calculate tke Sides and Angles of Obllgne-angled Tilani^es^ln 

an oblique triangle the given parts must be either 

1. Two angles ande side ; 

2. Twp sides and ifh angle ; or, 

3. The thfee sides, to find the remaining three parts. 

• * 

I. U7ien the given parts are either hvo angles and an opposite side, or two sides and 
an opposite angle. 

Investigation of the Rule. 

Let the tiiangle be ABC, and let it be either acutc-anglcd, or obtuse-angled, as in 
t’.tc margin ; and let the perpendicular ADb be drawn, meeting <he base or the base 
, • produced in D. , 

Z A As in the former investigations, 

^ let the sides of the triangle, or rather 

! \ y/^/ their numerical measures, be repre- 

\ / sented by a, ft, c.y these letters apply- 

! \ / ing to the sides opposite to the angles 

11 IJ C It c D A, B, C, respectively. Each triangle 

presents now' two right-anglod^tri- 
angles, — namely, the triangles ABD, ACD ; and from each we get a distinct expAjssion 
for the perpendicular AD common lo both, namely, 

AD =; AB sin B, and AD =z AC sin C ; 

so that AB .sin B == AC sin C, that is, 

r Bin v 0 sm C, /. -- = - - 

b Sill B 

which allows that ang one sid§ of a triangle is to any other as the sine of the angle opposite 
to the former is to the sine of the angle opposite to the latter. The angle C, in the 
preceding equations, belongs to the right-angled triangle ACD, w'hieh, in the second 
ciiiigram, is not the angle (' of the proposed triangle ABC, but the supplement of that 
angle ; yet, as the sine of an angle is the same as the sine of its supplement, we may 
regard the C, in sin C above, as the angle of the proposed triangle in each diagram. 

The property enounced in italics above supplies the following rule, when of the 
three given parts tw'o are opposite to one another : — 

IluLB. — To find an angle. As one of tht given sides is to the other, so is the sine of 
the angle opposite to the former to the sine of the angle opposite to the latter. 

To find a side. The sines of the given angles are to each other as the sides opposite 
to those angles. 

If a, be any two sides, and A, B, their opposite angles, 

X 1 * 1 * 3 sin A 

a : b . \ sm A : sm B =: i-, 

a 

^ , a sin B 

^ Or, sm A : sm B ; : a ; a = — . , • 


log sin B = log b + log sin A — log a ; log b = log a -f log sm B — log sin A. 
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EXAMPLES OF THE AMBKKJOUS CASE. 

Whei an is to be determined by this rule, there is sometimes a choice of Uvo 
angles ; and the case is then called the amhi^mts tase. The ambignity arises from 
the circumstance that the sought angle is to bc*roferred from its «mc, and in tho 
absence of all overruling restrictions, ttco angles have each equal claim to tlic same 
sine : ^n angle and its supplement. But if it happen that *that one of the given sides 
which is opposite to the given angle, is greater than the olher given side, the angle 
opposite to tho latter must be acute^ otherwfse the triangle would have two obtuse 
angles, which is impossible. Also, if either of two angles are known to be obtuse, tho 
others must, of course, each be acute. Except under these conditions, the angle 
sought may he cither acute or obtuse ; so that there are two distinct triangles det(‘r- 
minahle from tho proposed given parts, these parts belonging equally to both trianglc^s. 

•• c. 

^ rx^MPLns. 

1. In a triangle two of whose sides arc a — 9.312, and b = 98, and of which the 
angle A opposite to tho former is 32’’ 1.3', it is rcquired#o find the angle B opposite to 
the latter, as also the third side e. 

To find the angle B. 1 To find the side e. 


Asa = 9d-12 -1-9783 As sin A, 32M.3' -9*7272 

.(»- 98 1-9912 .rinC, 114 24' .... 9*9594 

: : sin A, 32’ I V 9'7272 : : a =r 9.5-12 1*9783 

: sin B, 33’ 21' 9-7401 . c = 162*3 2*2105 


This example comes under the ambiguous ease noticed above, for the side by 
opposite to the sought angle, being greater than the side a, opposite the given angle, 
the angle B may be cither 33^ 21' or its supplement 146’ 39', as the sine determined 
above belongs equally to both, and each of these ^angles is greater than 32’ 15'. The 
side e is calculated here for the acute angle B = 33’ 21', for which C z=: 180’ — 
(32’ 15' -r SS"" 21') = 114^ 24'. If it be calculated for the obtuse angle B = 146'’ 39, 
then C will be C = 180’ - (32" 15' + X46" 39') = 1* O'. 

It will be seen that there is an inconvenience in having a subtractive logarithm in 
each of the columns ; it may be replaced by an additive quantity as follows . — Instead 
of writing down 1 9783 from the table, wiitc down what this number wants of 10, 
which is 8*0217 ; but instead of subtracting from 10, to get this remainder, in tho 
ordinary way, commence with the leading figure I on the left, and proceed from figure 
to figure towards the right, subtracting each from 0, till the last, 3, is reached, which 
subtract from 10 . this is of course the same, in efT&ct, as subtracting the 3 from 10, in 
tho common way, and carrying 1 from every figure in proceeding from right to left ; 
but it is easier to write down the remainder by the former way than by the latter . 
tlius, pointing to the 1 in tho number 1-9783, we write down 8 ; to the 9 we write 
down 0 ; to the 7 we write down 2 ; to the 8 we write down 1 ; and, lastly, to the 3 
we write down 7 . The remainder thus written in place of tho tabular logarithm, is 
called the arithmetical complement of that logarithm. The arithmetical complement 
should always be written insttsad of a subtjactivc log, and added ; and the crrqr'of 10, 
thtis committed, is to be corrected by suppressing 10 in the result of the addition. 

The foregoing work should, therefore, be modified thus : — 
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To find the angle B, 

As a = 9/512, Arith. Corap. . . 8*0217 

. = 98 *9912 

. sin A, 32" 15' . . ^ . ^ 7272 

; f,in n, 33" 21' ...J. . 9'7401 


To find the side 
As sin A, 32*' 15', Arith, Comp. 

: sin 0, 114'* 24' .... 

: : a = 9512 

: e = 162-3 




■2728 

9-9594 

1-9783 

5*2105 


j 2. Given A = 48'' 3', B = 40® 14' and c rr 376, to find a and h. 

1 C = 180" — (48® 3' -f 40® 14') = 91® 43'. 

I To find a, j To find 5. 

; As sin C, or 43', Arith. Comp. . *0002 I As sin C, 91° 43', Ari^ Comp. . -0002 

1 Kin A, 48" 3' 9-8714 » : sin B, 40" 11' 9-8102 

- . c = 376 ........ 2-5752 j ; c i: 370 . . . • . . . . 2-6752 

a = 279-8 2-4468 j : * = 243 2 3856 


3. Given a m 355, c =r 336, and A =: 49® 26', to find b and C. 

Ans. h =5 466*3, C = 45® 58' 

4. Given a - 310, B = 62® 9‘, and C = 41® 1?/. 

b = 281-7, c = 210, A = 76° 38'. . • 

>. Gi^en a = 70, h = 104, and B =: 44® 12'. 

' A = 27® 59', C = 107® 49', e == 142. 

(>. Given b =: 104, c = 142, and B =b 44® 12'. 

There «are two triangles having these parts in^ C = 72° 11' or 107® 49*. 
each ; the remaining p*irt8 being as here an- )■ A = 63® 37' or 27° 59', 
nexed. I a =r: 134-8 or 70®. 


II. When the giren partn are twe aides and the included angle. 

Investigation of the Mule. 

Let the two sides AC, BC, and their included angle ACB, be given, to find the 
remaining angles A, B, of the triangle ABC. 

from the greater CA, of the two given sides cut off a 
part t?qual to the less CB ; and also prolong AC, till 
CD' ~ CUl - then CB = CD = CD', aij^l couscqucntl}*, 
with centre C, and radius CIJ, a circle may be circum- 
scrilx'd about DBI)', so that the angle DBD' is a right 
angle (Eu<*. 31 of III.), and therefore CDB is the com-' 
pleracnt of D'. 

Now CDB = .V -f- ABD : add CBD = CDB to each ; then 

2(:!DB = B 4- a, CDB = i (B + A), tin ABB = sin JCE + A) ^ 

And consequontly sinoo B' is the comp, of D, sin AB'B = cos 4 (B ■+ A) ) 

But CBD, the half sum of A and B, added to ABI), gives B, tlie greater, 

• . ABD i (B — A), sin ABD® sin { (B - A)* ^ 

But flin ABD', greater than 90°, is the sjmiS as the sine of an angle as > ••.(*) 
much less than 90° sin AIJD' = cos ^ (B A) ' 
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HALF DIFFERENCES OF UNKilOWN ANCLES. 


Theall relations being established, let us refer to Case I., which gives 
4?- — _ si n ABD ^ 

AB ““ AB "* • • • (3) 

AD AC — CB sin ABb , > 

and . . ..(4) 

TIcnce, dividing (3) by (4), we have 

AC + CB sin ABD' sin ADB 

ACflTcrB “■ sinTBD sin AD'B ‘ ’ ' 
that if, by substituting for these sines their values in (1) and (2), 

AC -i- CB cos J (B — A) sin ^ (B + A) tan J (B -f- A) 

. AC^CB "■ “ tan ^ (BITa) ’ 

so that in any ^lanb triangle, the sum of ixma sides is to their difference^ as the tangent of 

half the sum of the qpposite angles is 4o thestangent of half their difference. The following, 
therefore, is the rule 

Bulk — As the sum of the two given sides 
Is to their difference. 

So is the tangent of half the sum of the opposite angles 
To the tangent of half their differenee. 

The half difference of the unknown angles thus becomes known; and as their half 
suip. is also known— for the whole sum is 180’ minus the given angle (Kuc. 32 I.)— the 
two dngles themselves arc readily discovered : the greater of the two is the half sum 
increased by the half difference, and the less, the half sum diminished by the half 
difference. 

Note. — I nstead of using the tangent of h^lf the sum of the opposite angles, we may 
use the cotangent of half the included angle, as is obvious. 

Examples. 

1. In the triangle ABC are given ^ = 47, c=: 85, and the angle A = 52" 40' . 
required the remaining parts. ' * 

5(C + B) =: 00" — 26’ 20' = 63’ 40', 
and the formula for finding 5 (C — B) is A 

c b : c — b . : tan ^(C + B) : tan ^(C — B) v 

As c + A = 132 Anth. Comp. 7-8794 ^ 

: c — i= 38 . . . . 1-5798 /' X 

: : tan + B), 63'’ 40' . . .10-3054 /_ 2' -. 


tan 1(C — H}, 30’ 11' . 


9 7646 <* 


.. /. C = 93’ 51', the sum of J(^.+ ®) 

B z= 33® 29', the difference. 

Ajb all the angles of the triangle arc now known, the remaining side a may be 
found by Case I., thus : 

To find the side a. 

As sin B, 33’ 29' Arith. Comp. *2583 

: sin A, 52’ 40' 9*9004 

: ; 4 !t=47 1-6721 


a = 67 74 
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THIRD SJDB OF THE TRIANGLE. 

It may be obseiTed here that the third aide of the triangle may always be deter- 
mined independently of Case I., and in a manner somewhat more easily^ by employing 
a relation furnished by the foregypg investigation, thus : the equations ( 3 ) and (4), 
after putting for the sines the valusB previously deduced, are 

AC^+ CB 2. cos A(B — A) . AC — CB _ sin ^(B — A) 

All ~ cos 5 (B + A) * AB sin |(lj -^A) * 

which furnish the proportions * 

cos J(B — A) *. cos J(B -f- A) : : 5 + : c . . . . ( 6 ) 

sin i(B — A) : sin J(B + A) : : 5 — a : e . . . . ( 7 ) 

The advantage of using either of these proportions instead of the rule in Case I. is, 
that all the three logarithms employed occur at the same openings of the table as the 
logarithms in the process for finding the angles, and they may, therefore, be readily 
taken out at the same time ; one of the thre^that for the sum or difference of the 
sides — has only to be repeated. * • 

I For the particular triangle solved above the second of these propor^ons is 
j sin 5 (C — B) : sin i(C -f- B) : : t- — b : a ; 

I and in order to show the facilities gained by employing it, we shall re-work the example 
I given by its aid. 


As e + ^ = 132 Arith. Comp. 

7-8794 

To find the side a. 1 

e — ^ = 38 .... 

1-5798 .... 

. . ‘1-5798 I 

tan i(C + B), 03’ 40' . . . 

10*3054 ... sin 

. . 9-9 ^)24 . • 1 

{ 

tan3(C — B), 30M1' . . . 

9*7646 Arith. Comp. 

sin . *2986 1 

C = 93’ sr 

a = 07*74 . 

1*8308 1 

B = 33’ 29’ 


1 

1 


It may assist tlie memoiT in computing the side by this method, to observe that 
the thrt'c terms employed in the proportion for the side are merely those in the pro- 
portion for the angles reversed^ with ^inc in the place of tangent. i 

Another use, too, may be made of the proportions ( 6 ) and (7) — namely, in the case j 
where two angles and the interjacent side are given to find the remaining sides, as in . 
the following example. 

2. Given A = 4r 13'. B = G2' 9', and c = 310, to find a and b. 

Inverting the proportions (G) and (7) we have 

sin J(B -J- A) : sin 5(8 — A) : : c : h — a 
cos J(B + A) : cos J(B — A) : : c : ^ -1- 
Hence the work will stand as follows : — • 

As sin f,(B -f- A), SI** 41' Arith. Comp. *1054 Arith. Comp, cos . . *2070 

: sinl^B — A), 10^28' .... 9*2593 .... cos . .9*9927 , 

c= 310 2*4914 2-4914 

A — a=:7l-7 1*8561 5 + a= 491*7 . . 2*6917 

5— 71*7 

, ^ (420 ,210 = a 

(See example 4 , page 23.) , 2 15 ^ 3 . 4 ^ 281^7 = b 

512, c = 907, and B 10', to find the remaining parts of the 

Ans. A = 34“ 6‘, {J = 96^ 44', b = 091. 


3. Given a z= 
triangle. 
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ANGLES IN TERMS OFFSIDES. 


: 1 

4. Gi/en a = 95* 12, e = 96, and B = 11^ 24", to find the remaining parts. 

Ans. A = 32" 15', C = 33" 21', b = 162*34. 

5. Given <f ^ 112, 5 rz 120, and C = 67® 67\^ie^ find the remaining parts. 

:An3. A = 57®‘28', B = 6^" 85', c = 112*6. 

6., Given b = 154*3, e =z 365, and A = 57® 12', to find'tho remaining parts. 

Ana. B z=: 24’ 45', C =' 98® 3', a = 310. 

f 


III. irhen the given ptiHs are the three sides. 

Investigation of the Rules. 

Betnming to the diagrams of Case I., page 21, wc have by right-angled triangki, 

Bl) = e cos B, and CD = b cos C. 

li the angle C of the triangle be acute, the^josino of it will be positive ; if it be obtuse, , 
as in the ;3ccond of the diagrams referrett to, it will be negative (sec MAXHEMATiCAii 
Sciences, page 29S). In the equation above, the angle C is AO I), which is acute in 
the second diagram ; but if we replace it b)' the angle C of the triangle, thus making 
cos G subtractive, 'WO shall have, cqualLy for both triangles, the condition 


a-=ih cos 0 + c cos B 
And similarly, 5 zir e cos A a cos C 

e fl cos B -4“ 5 cos A 


Let these be regarded as three algebraical equations, in which the unknown quantities 
(usually r, y, and s) are cos A, cos B, and cos G ; tliun, multiplying them by o, h, c 
respectively, wc have — 

a'^ = ab cos C + rtc cos B 
5- =: he cos A + cos 0 
c- = ae cos B + cos A, 


and subtracting each of these from the sum of the other two, there results— 


4> 4- o3_ 2Je co»a' 

fl* e- — 5- = 2ac cos B - 
a- -+-62 — — 2fl6 cos C 

y 


rc(*A = ti+"’-‘' 

2bc 

J cos B =: - ^ - - 
2ac 

I p a* + 62 — 

Uo-c= - 


'fhe expressions on the right furnish a complete solution to the present problem ; 
hut when the given sides a, 6, r, consist each of several places of figures, tlio calculation 
of the fractions involves a good deal of arfthmetical work. On this account, means 
have been contrived to change the preceding forms into others, that shall consist exclu- 
sively of factors and divisors^ without any addition or subtraction opcrtitions ; so that 
the expressions may be fitted for computation by logarithms : how this is brought 
about we shall explain presently. But, as logarithms may be dispensed with whenever 
fl, 6, c are conveniently small numbers, we shall first show the best form of using the 
above expression for cos A, ^n such a case. 

Subtract 1 from the fraction for cos A ; it then becomes, 

4/2 ^ 1 •_ (^ — r)2— o* (6 — c — - g — a) 

2Ac 26t ^ 2,be 

and now adding ^e 1 subtracted, we have— 
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cog A= (*-« + ")(>-*-« ) I 1 _ 1 _ (a_+i — — 4 + g)* ' 

which is tolerably convenient for cc#^ation without logarithms : hut a form somewhat 
preferable is given at page 29. 

If the I were transposed and signs changed, the right-hand member of th# last 
equation would bo equally convenient for calculation with logarithms ; but the left- 
hand member, which would then bo 1 — cos A, has no corresponding logarithm in the 
ordinary tables;* the object is then to change 1 — cos A into some equivalent trigo- 
nometrical quantity, Uio log of which is to be found in the tables. A diagram will 

assist in showing how this is to be effected. 

Suppose AB to be the trigonometrical radius —namely, 
/ / j AB =r 1, and Jet BCD be the arc of a semicircle to that 

/ \\ radiiLS, and BAp th^ angle A ; then An bisecting the 

chord BC, also bisects the arc BC and the Anffle A. 
BC = 2 sin JA. 

Now DCB, in a semicircle, being a right angle, we have (Euc. 8 of VI.) BD. Bm 
= BC-, that is, since BD = 2, and Act rr cos A, 

2 __ (.04, A) = (2 sin \A)- I — cos A = 2 sin® JA, 

a formula well adapted to computation by logarithms. If if be put to represent 
^(/r A -f c), then the two factors in the numerator will be respectively a — b and 
5 — e, and we shall have the expression for sin ^ A in the more compact form, 

= .... (I) 

Again . because as proved abivo ^(l ^ cos A) == sin- ^A, if each be subtracted from 
1, we shall have, 

^^(1 -i- cos A)'= 1 — sin^ ^A = ( os- JA, 

2cos- iA=l+cosA=l + — = - Wc 

(tf + ^ f — «) 

— 2be 


.... (II) 

and dividing (I) by (II), wc have finally. 

Either of the formuloo marhod (I), (II), (III), will supply a rule for finding an 
angle from the sides being given ; but it is better to work by the formula itself than to 

be guided by written directions. That marked (IT) is a little the shortest j but when 
• • 

* The expression 1 — cos A is osUed tlu» verteJiafne of the angle A. A table of natural rtfcacd- 
sines is giTen in VoL 11. of Dr. Maokay’s taluable work on The Theory and Practice of finding the 
Longitude.” * 
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ILL-CONDITIONED TH(ANOL£S. 

thaf isy half the sought angle, is forcscen^to bo very small, it will bo better to use 
the formula (I) ; the reason is that the sines of angles very near 9 O'*, or, which is the 
same thing, the cosines of angles very near 0'*,»'^ry from each other by such slight 
differences, that several of such angles have equid claim to the same sine or cosine. 
For instance, suppose we were led to 9 *9999998 for the logarithmic sine or cosine of on 
angle to be found. By tables calculated to seven places of<lccimals, this number is the 
log sine of every angle, indifferently, between 89”* 56' 19 ' and 89’ 67' 8 "; and, conse- 
quently, the log cosine of every angle between 2' 52" and 3' 41". In such extreme 
cases the formula (III) is to be prefened, although for a small angle (I) may be safely 
employed, and (II) for a large one. In practice, however, these ill-conditioned triangles, 
as they nits called, are always avoided, if possible ; and in Navigation they ai’o but 
little likely to^he qiet with. An error of a few seconds in thix subject is however a 
matter of no moment ; and we advert to fiie peculiarity hero merely to account to the 
learner how it happens that, althodfeh iHe three formulas abows arc all equally coiTcet, 
yet in inquiries where the minutest accuracy is necessary, one of them may, in certain 
rare cases, be prcfemble to another. The defect is not in the formula, but in th(' I 
tables, which being calculated to only six or seven places of decimals, cannot, of course, 
mark distinctions of value that affect only the decimals more remote. 

EXAMl’LLS. 

f L Given the sides a = 95*12, h = 162*34, and c = 98, to find the angle A. 


J\y formula (I). 

By formula (II). 


i cos i.V = 1 - 

, *' hv 


a = 95*12 

' 17= 95*12 


b =z 162*34 Arith. comp. 7*7896 

b = 162*34 Arith. 

comp. 7*7890 

c = 98 Arith. comp. 8*0088 

c = 98 Arith. 

romp. 8*0088 

2)355-46 

. 2pj5-46 


* == 177^73 

s — b=z 15*39 . . M872 

« — c= 79*73 . . . 1-9016 

« = 177*73 . 

s — « = 82*61 

. 2*2498 
. 1*9170 

2)18*8872 

sin J A, 16’ 7f.' . . . 9*4136 

2 — 

cos iA, 1C* 7V 

i 2 

2)19 9652 

. 9*9826 

.*. A = 32" 15' 

f A = 32 lo' 

I 



In the first of these logarithmic operations there enters a log sine, and in the second 
a log cosine : each, therefore, requires a correction, as noticed at page 9 ; 10 should be 
added to the right-hand member of each of the formulae (I), (II), w^hen expressed 
logarithmically. Now two tens have been added to the sum of the four logs above, on 
account of the two complements ; so that after dividing this sum by 2, for the square 
root, on^ ten, in excess, affects the result, which therefore supplies the 10 that ought to 
have been ‘added, and thus thr: proper correction is provided for. • 

We shall now exhibit the work of &ie preceding example without logarithms. 
The most convenient formula^ for this purpose is perhaps that immediately derived 




SOLUTIONS# WITHOUT LOGARITHMS. 


29 


frtim the expression for cos A at page' 26| by first adding and tiben subtiaS^g 1 ; 
wc thus get 

cos A = 1 &;(* + «)•-«" ,_(«+_» + r){i + * - «) , 

* a =z 95*12 ^ 

• 5=162*34 

«= 98 ^ 


rt + 5 + if = 356*46 . . . 355'46 

5 -j- tf — a = 166*22 reversed = 22561 

36646 
21328 
* • 1777 

71 
7 


16909*32 X 2 = 31818,64)58729(1‘8457 
31819 

*8457 = cos A, 32’ 15' ; 26910 

25455 

The wmtractcd method, so often rccom- 1466 

mended in these pages, is used through- 1273 

out this operation. 

182 

159 

i 23 

I 22 

' ll may he remarked here that in computing, as in this sp(,*cimen, the first figure in 
the quotient will always be 1, followed by decimals ; so that there will be no occasion 
To take any notice of decimal point**, either in the dividend or divisor : it is sufficient 
! that wc know that the first figure of the quotient is always an integer (unit), and the 
I f blowing figures decimals. But there is no question that, in general, the operation hy 
' 1 'garithnih would bo preferred. It is worthy of notice, however, that whenever a, 5, c 
[ :iie all divisible by the same number, wo may divide accordingly, and use the quotients 
’ thus, instead <d’ the above values, wc n^gbt have taken a = 47‘56, 5 = 81’17, 

, and e = 49 ; these being the halves of those values. j 

J. (liven a = 174*1, 5 = 232, and e = 345, to find the angle A. ^ I 

; Ans. A = 27" 4'. j 

I 3. (iiven a = 95*12, b = 162*34, and c = 98, to find the angle B. 

Ans. B = 114"2r. 

4. Given a = 0388, b = 20G5, and c = 1637, to find the angle A. 

Ans. 182" 7'. 

5. Given « = 112, 5 = 112'G, and c = 120, to find all the angles. ^ 

'* m Ans. A = 5^’ 28', B = o7" 57\ G = C4" 35'. 

6. Given a = G9S, h = 352, and e = 467, to find all the angles. 

Ans. A = 116 ' 1 2', B = 26" 54', 0 = 36" 64'. 



h = 162*34 
c= 98 

129872 

146106 


30 PRACTICAL OPSE4TIOMS WITH^LANE TRIANGLES. 

MCIa&«llJtaeMR QmiUms Uia Solutioa of Plane Tiianglea.— 

1. Being on one side of a river, and wishing to know tho distance of a trco (C) on the 
other side, I measured a length of 500 yax^ along the side of the river, and set up a 
rod at each end (A and B) : the angle at A subtended by BC was then measured, and 
foun^ to be 74'* 14' ; and the angle at B, subtended by AC, was found to be 49^ 23' : 
required tho distance of the tree from each station. • 

Hero the two angles at A and B arc gi^n, as also the interjacent side AB ; tho 
thiid angle at C is therefore known, namely, C =r 180’ — (74^ 14' + 49® 23') = 56'* 23'. 
As sin C, 66® 23' Arith Comp. . *0795 As sin C, 66® 23' Arith. Comp. . *0796 

: sin B, 49® 23' 9 8803 : sin A, 74® 14' 9 9833 

: : AB = 500 2*6990 : . AB = 500 2 0990 


BC = 577-8 27018 


As sin C, 56® 23' Arith Comp. 

. *0795 

: sin B, 49® 23' 

. 9*8803 

: : AB — 500 

. 2*6990 

« • 

; AC — 455-8 

. 2-658^ 


2. From the top of a mountain 3 miles high, the angle of depression of the visible 
horizon — that is, of the circle where sky and sea appeared to meet, — vi'iis found to be 
2’ 13'.] • it is required from this to dotermiue the diameter of the earth. 

Let A be the centre of the earth, C the summit of the 
^ mountain BC, and ECD tho angle of depression of tlio remotest 
^ visible point of the surface of the sea, below the horizontal 

/ , / Y line CE. 

I / \ The angles ACD, DCE, make up a right angle ; so do the 

I ‘ I angles ACD and A, because D is a right angles (Eiic. 18 of III.) ; 

\ / therefore the angle A =z the angle ECD. Now by right-angL.d 

triangles AC = AD see A. 

^ /. AC — AB = BC = AD (sue A — 1) , that is, 

AD (sec 2° 13'i - 1) = 3, AD = - - - - , 

' 2 / T scc2 134 ^— 1 

By help of a table of natural secants this OKpressiun for the semi-diomclor AD is 

very readily calculated. To convert it into a form adapted to logarithms, we have, 

by putting — for sec A, 

® cos A 

^ BC BC' eos A 

sec A — 1 1 — roB A 

But it was shown at page ?7 that 1 — cos A = 2 sin- ^A, 

. , BC cos A^ « * -TV cos A 

2 sin-^ sin* JA 

• log Diameter = log 3 + lag cos 2® 13' J — 2 log sin 1® 6' J -f 10, 

the^ 10 being added because there arj two subtractive log sines — namely, log 
sin 1® 6'J + log sinl® 6'J, and only one additive trigonometrical quantity— namel\ , 
log cos 2® 18'J. 

log 3 .... •477121 

log cos 2® 13'i .... 9*999672 

^ log sinl® 6 ' 5 Arith. Comp. 1711859 

llepoatcd • 1*711859 ^ • 

• * ■■ 

log diam, 7952«i .... 3*900511 


•177121 

9*999672 
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Iloxuso tLo 4uu&^i6r of tlko 6artli) &• uedooed from obioiTfltioiiSy ii loilos. 
Oik^miu by a table of natural eotinu. 

Since, «a alio^ a^ye, AD 5= ve may compute by tbe taM ft of natural 

sineB ind ooslaea as fcdlows* — ^ 

nateof2* 13'4 = *899246 

• 3 

1 —-999246 = -000754 )2-997738( 3976 
2262 2 

7357 7962 mfros tbe diameter. 

6786 , . 


3. Wanting; know the breadth of a rirer, I meaatxred a base of '599 yitda in a 

straight line close to its edge, and at each end of it I found Ibe angles w bte n d e d by 
the other end, and a tree close to the opposite margin of the river te be 53^ mid 
79" 12' : what was the breadth of th^ river ? Aas. 629*6 yards. 

4. Two ships of war intending to cannonade a fort separated from eadi other 

500 yards, as near to the shore as possible : the angles subtended by earii ship and the 
fort were observed from the other ship to be 38M6' and 37® 9' : required tbe distance 
of tho fort from each place of observation. Ans. 312 yards and 320 yards. 

5. The peak of Tcneride is said to be 24 miles above the surface of the sea : the 
angle formed at the top between a plumb line, which, of course, hangs perpendicnlai 
to tho horizon, and the line frdhi the dye to touch tho sea at Ibe remotest visible point, 
is found to bo 87® 58' : required the diameter of the earth. 

Ans. 7936 xnil^. 

C. Three objects, A, B, C, whoso distances apart were AC = 8 miles, BC = 7J miles, 
and AB = 12 miles, were visible from a station D, in tbo line joining A and B; and 
tho angle at that station, subtended by AC, was observed to be 107® 56' 13" : required 
the distances of tho three objects from D ? 

Ans. AD =i S^lcs, DB = 7 miles, DC = 4*89 miles. 


Wc hero conclude the introductory treatise on the solution of plane triangles : it 
is intended solely to familiarize the learner witii the business of practical calculation, 
and to illustralc the best and shortest methods of arranging his arithmetical operations. 
Many instances have been given, more especially in what concerns right-angled 
triangles, of the advantage of making more use of the table of natural sines and cosines 
than is at present customary. Yaluable as logarithms unquestionably are^ they do 
not al#a; 3 j 2 s efiect a saving of time or trouUe, even in *cases well fitted for their 
application, and we would therefore recommexfd that the example we have hero set 
him be followed by the learner : that ho would exercisp his oum deliberate judgment 
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DIRECTIONS FOR DSINO TABLES. 


! 


as to w^ch kind of table will aid Urn in Teaching his result in the readiest way, and 
not in all cases resort to logarithms, as is almqat invariably done in works of this kind. 

But whatever table he uses he should use^ oRth deliheiation and cai'c : tabular 
numhem should never be tranBcribed in a hur)^, as ever^hi^g depends on the 
aocuj^cy with which they are written down. It should ifiso be the habitual practice 
of the escalator to make all the use he can of his table*when it is in his hand ; and 
when it is not in use, he should advance his work as much as psacticahlo before he 
refers to it. In order to this, os many as possible of the atyummUf as they are 
called — that is, of the quantities with which the tabular numbers arc to bo connected — 
should be written down before the tables are touched : thus, in Example 1, for instance, 
page 28, the entire skeleton of the operation should be formed before the table of 
logarithms is referred to, to fill it up. Again, in Example 2, page 23, every item in 
both columns of the work should be writlen down while the tablea, are in band, and 
they should bo again referred to only a^er the amount of each column is found. 

In the treatise on Tuzoonometry in the mathematical volume of the Circlk of 
THE Sciences, the main object has been to develop the analytical theory of angular 
magnitude, and not to enter at any length into arithmetical details ; the present Part, 
independently of the special purpose it is intended to serve in this treatise, may, 
therefore, he acceptable to the student os a praxis on certain th(^rotical principles 
there delivered. This collateral object has not been lost sight of in the preparation of 
tlie rforegoing pages; and we have, accordingly, introduced examples in sufficient 
number and vaiiety to supply the learner with all needful materials for exercise, in 
the ordinaiy calculations of Practical Trigonometry. 

Before closing the introductory portion of our subject, it may be well to collect 
into one place the several formulae for the solution of oblique triangles. By thus 
bringing them together, future reference to them will be faciUtatod ; and the komor, 
by having the whole more frequently under his eye, will at length get them so 
impressed on his mind as eventually to dispense altogether with a formal reference to 
them. This amount of familiarity with his toeds is a upcessary qualification in a good 
workman. 

Formuht for the Solution of Plane Triang^Us. 


I. a ; ^ sin A : sin B 

II. a h : atfib y, tan J(A -}- B) ; tan J(A tn B) 
sin i(A B) : sin J(A + B) :: a c/> i : c 
cos J(A c/) B) : cos J(A -j- B) - « + ^ 

III. sin Ik = cos ik = «) 


be 


cos A = . 

2bc 


j The last of these cxpressijpns is to be computed by common arithmetic, and the cosine 
I of A to be found in the table of natural sines and cosines ; all the other formulae arc 
I adapted tp logarithmic computation. Whenever the sides 3, <?, have a factor common 
! to all, it may be cancelled, and the rcsulj^ used instead, in any of the formuke^II. 

! . — f 


GENERAL NOTIONS ON THE natTBE AND SOTATION Of THE BAafS. 


NATIGATION. 

o* 

of tto tli» fcjgtjksr^ suribe 

of the iea iB Tory nearly that of a perfect iqphere or fi^obe* For all Hie of 

HarigatSoiiy it may he regf^d as accuratdy so ; fbr If the very smaU denatidtitliw 
this figure were to he remoTed, no senAhle di^Brenee would ^ made m mf^ Ihe 
roles and operations hy which iho sailings of a ship are regulated^ and its poeHiMi 
determined. 

That the sur&oe of the ocean is glohnlar may he inferred horn tiie eridenee offlai 
senses. On whatem past of it an ohserrer he placed, or however ahoreitl^ 
he raised, he sees around him an expanse in which no defeat ficopi i^glbssiidty can he i 
discovered anywhere within the compass of his vision. He eeea a reee^hg veasti, in | 
the distance, graduall/disappearing behind Ihe Atundity ; he first loses sight of the ' 
hull, then of more and more of the upper works, till at length even tike meet elevited I 
part sinks below the circle that limits his field of view. These efieots being : 

at whatever spot on the surface the spectator may be, load to the natoil in^^s^on ! 
that it is a portion of a globe that is everywhere ^read around him. This iaqpreagion ^ 
is confirmed by the imquestionahle £sci that, on the assumption tiuil^tiie susfilbe is 
uniformly spherical, and under the sole guidance of rules and directions baaed I 

aivaly on that assumption, ships have actually dsommiavlgated the earth, and t^hy i 
routes so various as to leave on the pind not tiie til^test doubt that the inference, as 
to the general figure of the ocean's surfEme, drawn from observation of its appearance 
to the eye, ii correct 

A g am : tn eclipse of the moon is caused hy the passage of that body throu^ the 
shadow cast hy the earth, the earth being then between the sun and moon. As soon 
as the moon enters the shadow, the small part of her face thus obeoured always 
presents a circular boundary ; as she advances, and the ohsouration increases, the 
boundary of the shadow enlarges, but it continues circular ; and whenever the centres 
of the sun, earth, and moon axe so nearly in the same straight line as to render the 
eclipse amuhtr, as it is called, then the shadow projected on the moon's surfree is 
observed to be a complete circle. These appearances being unifonn, whatever part of 
the earth's surface is exposed to the sun’s rays, we cannot resist the condution that the 
planet we inhabit does not differ in external figure from a perfoot qdiere, except in a 
very slight degree. 

The earth rotates — turning once round everyday; it revolves invaxialdy. about 
tile ws™** diameter, and completes each ra^Ailtttion inyariahly in the some time. That 
the rising and setiing of the sun and stars are appearances really due to the diurnal 
rotation of the earth, and not to the motions of the celestial bodies themselves, is« 
truth not so obvious to the senses as the spherical figure of the earth, — at least, till 
very lately, no contrivance had been thought of to render this rotation visible to our 
eyes. But there are means now of showing the earth turns round; w that wo 
may have the same viable proof of its diurnal revolution Jjhat we have of its general 
figure. This will be explained when we come to treat of Nautical Asxaoiroifv. 

Tb^tthe rotation is daily performed in exactly the same invariable poripdeftime 
•^withofli the difference of a single secon^js proved ty innumerable obsemtumA. 
Age alter ago, the same spot on the osrtb, after the lapse of the same interval of time, 
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ii MJiNrtioiis : LATiltrbE, io^gitdde, etc. 

inYariab]i^ returns to the same fixed star ; whi^ could not be the case if there were 
the slightest iiregularity in the diurnal rotation of the earth. Nor could such be the 
case if the diameter round which the rotation is por^rmed wore shifted. 

Admitting, then; from facts such as ^osc, that ^ the earth is a sphere# — or that, at 
least, it difiers from a sphere so little as for the purpose of navigation to be of no 
nmme?lt,— that it revolves uniformly once in twenty-four hours, — and that the 
diameter about which it turns is invariable, we may proceed to the following 
definitions » 

Definitions. . f 

1. — ^The diameter about which the earth performs its doily revolution is cnllod 
the axie of tiie earth : the revolution about this axis is from west to cast. 

2. ib&s.^The extremities of this diameter arc called the poles of the earth. The 
exti^mities of diameter of a sphere aro<also called poles— the poles, namely, of that 

circle of the sphere ihc circrmferonco of which is at f'very point of it, at the 
same distance from each, this distance being a quadrant, or 90^ : these same points arc 
also spoken of as the poles of every small circle parallel to the great circle just men- 
tioned ; but from the circumference of any small circle the poles arc, of course, at 
unequal distances. 

3. Equator. — The equator is that great circle f)f the earth, the axis of which is 
parpendicular to the plane of that circle : the poles of the equator are the poles of the 
ear^. These poles are called— one of them the North pole, and the other the South 
POLE.® Whenever, in navigation, wo speak of the poles, the poles of the carM—that is 
of the Equator — are always to be understood. 

4. Meridians. — Every semi-circle which terminates at the two poles, and which is 
therefore perpendicular to the equator, is called a fneridian : it is said to be the meridian 
of each place on the earth through which it passes. For the convenience of Navigation 
and Geography, everj ci^ulized kingdom selects one of these innumerable meridians as 
a meridian of reference; it is usually that which passes through the national 
observatory, or the principal city, and is called the Jirst tneridmi. Tn this country 
the first meridian is that of Greenwich ; in France, it is fhat of Paris. 

The plane of every meridian (as also the plane of the equator) is conceived to be 
extended to the heavens, and to mark out, on the celestial sphere^, the celestial moridiiin 
of the place. The apparent daily motion of the sun and stars is across the celestial 
meridians ; the path of a ship easterly or westerly is across the IcrTfestrial meridians ; 
but, in general, the distinctions terrestrial and celestial arc dropped : a ship canUot bo 
on a celestial meridian, nor a star on a terrestrial meridian. 

5. Latitude. — The latitude of a place on the surface of the earth is the distance of 
that place from the equator, measured on the meridian of the place. Latiiildb is. 
therefore, either north or south : a place cannot exceed 90^ in latitude, this being the 
latitude of each pole. 

6. ParalhU of Latitude.— K small circle on the globe, parallel to the equator, is 
called a parallel of latitude : every point on the circumference of such a circle hds the 
same latitude, as the parallel is everywhere equi-distant from the equator. The arc of 
a meridian, intercepted betVoen two such parallels drawn through any tt^o places on 
the globe, measures the difference of latitude of those places. When the places arc both 
on ^e same side of the equator— that is, both north or both south,— their diffgrdhce of 
latitude is found by ^btraction ; when f£i^ arc on opposite sides of the equator, theii* 
diference of latitude is foUn^ by addition. 



C0NNECtl01% or L0N01TDI>« WITH TIME. $9 

Xofi^itfftie.^Tbo Id&gitude of any |d&ce on, the earth’s stirfhce is the arc of the 
equator intercepted between the meridian of that place and the Jtrst meridian ; it ia 
Ofttimaied, like latitude, in degreet ftnd parts of a degree, and is, of course, the measure 
of the angle at the pole ineluded between the two meridians spoken of. When the place is 
to the east of the Arst mefidian, it has east longitude ; when to the west, west longitude. 

As eyeiy place on the furface of the earth performs a complete revolution in twenty- 
four hours, 15® of longitude become tbehicasure of one hour of time ; the whole 360® 
of the equator, and of ctery parallel to it, having the measure of twenty-four hours. 
Longitude is thus sometimes expressed in time; a place 45® east of the metidign of 
Greenwich is, for instance, said to be three hours east of Cfreenwich. It is necessary 
to precision that the latitude of a place should be designated either north or south, 
according as it ii situated in the northern or southern homisphereq hut the distinction 
of longitude into east and west is unnecessary and inconvenient "It would add 
greatly to systematic ^sg^arity, and tend much w avoid confudon and amhiguity in 
computations, were this mode of expression abandoned, and longitudes reckoned 
invariably mstmrd from their origin round the whole circle from 0 to 360®.”* 

In the present mode of reckoning, however, longitude, like latitude, is of two 
denominations ; so that the difference of longitude of two places is found sometimes 
by subtraction and sometimes by addition : by subtraction, if both places are on the 
same aide of^ the first meridian ; and by addition, if they lie on oppositt^ sides ; the 
limit of longitude, whether east or west, is of course 180®. A place of whkh the 
longitude is 1 80® is on the meridian opposite to that of Greenwich. 

The learner must boor in mind that, in Geography and Navigation, the meridian of i 
a place is limited by the poles of the earth : it is the semicircle passing through the I 
place, and terminating in the north and south poles. As already remarked, the terres- , 
trial meridian is extended to the concavity above us, and marks out the corresponding j 
(celestial meridian. Certain stars which are observed to come to this meridian are seen 
to pas.s the opposite meridian without setting; but the distinction, noticed above, 
between a meridian and tbp opposite Stesiidian is not preserved here ; the star is 
generally said to come to the meridian twice— wico above and once below the pole. In 
the cast* of a ship, however, sailing round tim pole fri>m one meridian to its continua- 
tion, it is always said to have amved at tho oqirMite meridian, and to have advanced 
ISO® in longitude. 

The horison of any place is a plane conceived to toucli tho surface of 
the cartb at that place and to bo extended to the heavens — ^that is, to the region of the 
remotest of tlic stars. ITiis plane is called the sensihh Jioriacm. A plane parallel to this, 
but passing through tho centre of the carSh, is called the raiimial horizon. These two ; 
imaginary planes, though separated from each other by an interval equal to the semi- • 
diameter of the earth, cannot but bo regarded as coincident at tho distance of the stars. 

An eye, whether at the centre of the earth or at the point on its surface immediately 
over it, would sec a star in precisely one and the some direction : the altitude of il, 
referred to the rational horizon, would be exactly the same as tho aliitiido referred to 
the sensible horizon. The observer at the centre sees the pjtar higher above his horizon 
(that is, the parallel to tho sensible horizon) than the observer at llic sui&ce soes it 
above his, by <he apparent interval between the two horizons, at the distanco of the 
star ; which interval, however, although we^cfc call it apparenty is in reality too minute 
to appear as any interval at aU. 


* Sir John Herschel. 



a6 ^ the mabimee’s cohj^aas. 


An ejl ntuated o3otw the euxface of the earth, as ia always practically the case, has 
anhoriaon different firom the sensible horizon; the latter is an extend phnd; the 
former is a eonkal twtfamy eyerywhcre dvgpvug bdow^tho sensiblo horizon, and of wider 
visible boondaiy. A very moderate elevation above the aurfaoe will give a sensible 
inoresfe to the observed altitude of a heavenly body, namely, the whole of the angular dis- 
tance between the two horizons— the whole of what may be sailed tiie angle of the dip. 

The apparent circular boundary of the sea, as seen by an eye thus elevated above 
its sur&ce, is called the visible or sea^horizon; or more frequently by sailors, the 

The CbnipaM.— The straight line through any place, in which the plane of the 
meridian of tiiat place cuts the sensible horizon, is called the horizontal meridian, or 
simply the meridian Une, or the north and south line ; and the horizontal straight line 
perpendicular tq thi| is Ihe east and west line of the horizon. The horizon is repre- 
sented in miniature by a circular card, connected with a magnetized needle, which 
points out^the direction of the horizontal "meridian, and consequently also that of the 
east and west line : the points thus marked out on the rim of the card, namely, the 
North, South, East and AVest points, are called the four Cardinal Points of the compass; 
the quadrantol arcs, intermediate between these, are subdivided each into tight equal 
parts called also points^ and these again each into four equal parts called quarter-points. 



The accompanying engravihg is a representation of the Mariners" Compass^ divided into 
its thirty-two points, with the intermediate quarter-points also marked. 

This idiportant instnimeut is so suspended on ship-board as always to pu^jme a 
horizontal position under ev^ change bfmotion in tho vessel, so that the direction in 
which the ship is soiliitg at any time is always known by observing what point is in 
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that direotion ; that is, in general, wl&t point coincides with the line, thiough the 
centre of the compass^card, from stem to stem of the ship. 

It is of importance to mentioiy dLowever, that tho magnetic needle does not point 
accurately north and south ; the points to which it m directed are called the 
north and south : and the^angular departure from the true north and south, at any 
place, is called the varial^um of the compass at that place. Its may^ dis- 

coTcred, and the necessary corrections ftr it made, by Nautical Astronomy. 

Omrtei. — A line on the globe, which cuts tho suceessiTO meridians at the same 
angle, is called a rhumh^line ; it marks the track of a ship, the constant angle referred 
to being called the ship’s course. It is indicated by the compass ; but if no corrections 
he made fcfr variation, the course thus indicated is called the eompaea-course ; after 
correction and allowance for what is called deviation^ it is the Ume eouree. These modi- 
iieations of tho compsss courses will be md!*e fully noticed in the Ifautical Astronomy. 

Leeway. — ^Anothcifcorrcction of the coui%o is d!so frequently requisite. JTho ship’s 
progress is not always in the direction of her length ; tho wind often impels her side- 
ways, or, os it is called, to leeward of tho line from fore to aft. The necessary allow- 
ance for this divergence from the path indicated by the compass is the correction for 
leeway ; its amount can be estimated only by practical experience. 

Jlaie of Sai/tny. —The rate at which a ship sails on any course is measured by an 
instrument called the log^ and a line attached to it called the hg-line^ about 120 
fathoms in length. The log is a piece of wood in shape of a sector of a circloi and 
with its arc or rim so loaded with lead that, when thrown into the sea, it stands 
vertically in the water, with ouly its centre just above the surface.* The log-lino 
being so attached as to keep the face of the log towards the ship, in order that it may 
offer the greater resistance to being dragged after it ; the length of line unwound from 


a reel, by the advancing motion of the vessel, in IvalJ-a-minutey gives the distance run 
in that time, and thus is inferred the rate of sailing, llie log-line is divided into 
equal parts by means of a bit of string passed through the strands and htwited^ 
the number of knots showing the, number of parts — each part, which is the 120th 
of a nautical mile, is hence called a Knot; so that as many knots as are run 
out in half-a-minute, or the 120th of an hour, so many nautical miles per hour 
is the ship's rate of sailing. Sailors thus say that the lute is so many knots an 
hour, meaning so many nautical miles an hour. A nautical mile is the 60th part 
of a (h gi^ee of the equator or of the meridian, that is, about 6,080 feet. When the log 
is hwcy about ten or twelve fathoms of line arc suffered to run out before the counting 
commences ; this is called the siray^lim, which is an allowance for letting the log go 
clear of the ship, and settle in the waters As soon as the end of the stray-line, which 
is marked by a bit of red cloth, passes from the reel, the half-minute commences. Tho 
time is measured by a sand-glass, which runs out in thirty seconds, and which is 
turned when the end of the stray-line passes, and the line is stopped as soon as the 
sand has run out. 

A Day's Work , — By a day’s work is meant the ordinary daily operations at sea to 
determine the position of a ship, and the advances made from noon till noon ; it 
consists in keeping a record of tho compass-courses sailed in tho interim, of the 
different rates of sailing, of tho variation of the compass, tho velocity and direction of 
cumnts, &c., &c., and, ffnolly, of the lat^ude and longitude in. These particulars, as 
the}' become known, are recorded on the loy^board^ and the latitude and longitude, 

• This is the common log, still too mnoh used j o more apeurate instrument is Massey’s log. 



^6 TABLE OF POINTB OF THE OOVFASS. 
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fii;LaU7 deduced, is callod the dead ruhmmg^ the latitude and longitude ^ ^mmt. ^ 
The particulars of the log-board are transferred, from day to day^ to the Ug^dtook ; and, 
with the addition of whatever else may give the necessary completeaess to the rooord— 
the aatronomical observations made to oorrect the dead reckoning, the state of the wind 
and weather, the bearings of points of land, &c., &c.,— fbrngditf/emviai of the voyage. 


Voiiata a€ Um Hampa—, — ^The following table the several angles which 

the different points of the eompass make witfi the meridian, as also the angles for the 
quarter-points 
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ERR0R8 IN Jli^ABUaiNG COURSE AND DISTANCE. • 


fh& angles in tjie aI>ov^5 Ubh ^Qrhtvc differ jfrom the tm^ hj tluu^f dwSffter 
of n mmvJf ; ^ degree , 9 f accuracy amply sufficient for all the pc^pc^es ifer Vbi<^ is 
used. If ip legijper sliould cozutnit this tab^ to in 9 pao)ry*~'at leaatj 

so to ba able to state, lyitbnut reference to it, bow many points any of these ! 
OCA*"^) or arb distant ff'om the meridian, or north aii^ south line ; as each 

point is ll"* 1^'; the angl,^ corresponding to any m«aher 9 ^ points is easily deduced. ' 
Repeating tho points in order, completely round the compass, as figured at page 4, or 
according to this table, is called by sailors boxing the compass. 

We .shall noir proofed to consider the various sailings, first, however, a few 

brief jumarks in reference to tho data, or observed conditions upon which the computa- 
tions in the foUpwing articles are, in general, to he founded. 

From wlmt has been .explained in the*i)reccding pages, the Ibambr will perceive 
that the principal measurements made at son to <d^bninc the place of a ship, inde- 
pendently of astronomical observations, arc the measurnmnn^® cf the course sailed on, 
and the r<Ue of sailing. From tlie account given of the means and ins^m^ts 
employnd for tJicsc purposes, he must see that the results fumiahed by can 
scarcely ever be regarded as rigorously correct. The cpinpass-c^d, valuable and 
indispensable as it is, has no divisions upon it to distmguiah angles which difibr from 
one another by less than a degree;''^ such dificrenccs, therefore^ jrf steering a ship, 
have to bo roughly estimated by guess— the course is thus liable to error to yomc 
extent. Agam> the rate of jailing, as measured by the log, is e^^ucdly exposed d> error 
from the very nature of the opomtion, and thus the distance run on any course .cannot 
bo determined with strict accurat'y. Even if these sources of error could he obviated, 
yot winds, currents, swells of the sea, and the various other accidents to which a ship 
U exposed, and which all act as disturbing causes, would often seriously affect the 
correctness of the position of tho vessel, as deduced from the dead reckoning. 

The aim of the careful and experienced mariner is to be on the look-out for those 
external influences, and to allow, as boat he can, for their effects ; matters in reference 
to which there is room for tfio exercise of much practical tact and judgment. 

These ollowauccs being made, the courses on the log-board arc modified accord- 
ingly, and, being corrected for tho variation and local deviation of the compass, the 
actual distance made, as also the difference of latitude and longitude since the pre- 
ceding noon, are computed, and' tho latitude and longitude, by account, arc thus 
ascertained. 

These last important particulars— the latitude and longitude — being derived from 
data so exposed to error, can be regarded, at best, as only approximately true ; and 
thcTcfore the properly qualified navigator lo|>es nO opportunity to correct his dead 
reckoning by employing the more sure and certain methods which nautical astronomy * 
supplies. In the following articles, however, none of these can be inti'oduccd j the 
object of this part of our subject is to treat exclusively of what concerns the dead 
reckoning ; and wc shall, throughout, suppose that proper’ allowance for the variation 
of the compass, for the leeway, &c., have been made, and that the courses concemed 
are the true courses. The metliods for ascertaining the Vkriauon of tlie conipass must 

be doCerred till we come to treat of Nautical Astronomy. 

§ • 

• TAa outer edge of the card is divided into degrees; buf as It is difficult to steer a ship to the 
nicety which these divisions imply, the marks on &e extreme rim of the compaBB-card tore salilom 
much attended to hy mariners. 
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40 ^ THEORY OF PLANE RAILING. 


FIrm fiftillttg. — Iwui^diiion <»/ the T^oretioal FnncipUa^’^Tjsi tho axmezed 
dkgram represent the globe of the earth, P being one of its poles, and EQ the equator. 
Let AB be a rhomb-line or track of a ship on a dpgle course. Imagine this qblique 

pdth to be ^yided, by equidistant 
moridians,4nto portions Ad, be, cdy Ac., 
so small tBat each portion may differ 
‘ insensibly from a straight line ; and, 
as in the figure, let .the parallels of 
latitude d'd, tfe^ &c., be drawn. 
A series of triangles Add', hcc edtTy 
&c., will thus be formed on the sur- 
face of the sphere, so small that each 
may bo practically reg^ded as a piano 
triangle. It it obvious that this may 
be conceived vrithout any sensible 
violation of strict accuracy. The 
triangles thus described, and thus 
assumed to be plane triangles, arc all 
similar ; for the angles at d', d, &c., 

arc all right angles, and the ship’s 
• ^ track cuts every meridian which it 

crosses at the same angle. Consequently, by Euclid, Prop. 4, Book VI., we have the 
proportions 

Ad : Ad' : : be : bd : : cd : cd^ &C., 

and therefore, (Euclid, Prop, 6, Book V., or Prop. 10 of the Treatise on Proportion in 
the Circle of the Sciences) 

Ad : Ad' : : Ad + dc + -f &c., : Ad* + bd + + Ac. 

But Ad dc *4- erf + is tho whole distance Sailed on the course, and Ad' dc' + 
+ &c., is the difference of latitude AC between A, the place left, and B, the place 
arrived at. Consequently, if a right-angled triangle, similar to the little right-angled 
triangle Add', be constructed,— that is, a right-angled triangle, in which A is the angle 
of the course, and if the hypotenuse AB bo made to represent the 

distance sailed, — that is, the track AB on the globe, — then, obviously, c 7 B 

the perpendicular AC will represent the difference of latitude, while / 

the base CB, — the side opposite to the course, — will represent the / 

sum of all the minute departures which thi ship makes from the / 

successive meridians which it crosdes ; for since / 

Ad : dd' : : AB : BC / 

A6 : dd' ; : be • cc \\ ed \ dd\ Ac. A ^ 

* , Kb i bb* t A.b be ^ ed -4* Ac. : dd' -f- cd -I- rfaT Ac. 

and since by construction AB = Ad + dc rrf Ac., therefore BC = dd' + « rf -|- 
rfrf' -f- Ac. The length BO is called the departure made by the ship in sailing from 
A to B ; and it therefore follows that the distance sailed, the difference of ^iafitude 
made, and the departure, may be rcpreslbtcd by the sides of a right-angled plme 
triangle, the angle opposite to the departure being the angle of the course. 
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HencOy when any two of the four thing§— Distance, Dififeiwc© of 
Departure, and Coureb, — ai*c known, the remaining two may be determined by the 
solution of a right-angled plane etfiangle ; so that, as far as these particulars axe 
concerned, the results ajo the same* as if the ship were sailing on a plane surface, the 
meridians being roplaced **by parallel straight linos, and the perpendiculars t% these 
taken for the parallels of lititude. It is thus that that part of Navigation which is 
oonoemed only with the four things jus^mentioned is called Plans Sailing. 

The line BC, or the side of the right-angled triangle opposite to the course, is not 
the representation of any corresponding line on the globe : it is the entire sum of all 
the minute departures made by the ship in passing from meridian to meridian, from 
A up to B. 

The foregoing investigation comprehend the whole ‘mathematical theory of Plane 
Sailing, into which, it will he observed, the considmtion of longitude does not enter. 

The attentive reader will perceive that in replacing the spiral track of a ship^s run, 
and the great circle arc which measures the difference of latitude made good in that 
run, by the hypotenuse and perpendicular of a right-angled triangle drawn upon a 
plane sttr/aeCf wc sacrifice not the slightest amount of accuracy. It is shown above, 
that if this spiral track were unbent into a straight line AB, and at one extremity, A, 
of this straight line a piano angle equal to that of the course were made by AC, and the 
perpendicular BC drawn, — it is shown that AC must accurately represent the difference 
of latitude and BC the departure. * * 

It cannot be any objection to tliis conclusion that we have taken small triangles on 
the sphere to be plane triangles ; for the reasoning fixes no limit to the degree of 
smallness of the sides ; nor must it he understood that we have assumed the sphere, 
on which these triangles arc assumed to be figured, to be itself a plane. The assump- 
tion extends only to the length of supposing tlic sphere to present a succession of 
triangular plane faces ; and as each face is contracted to any degree of minuteness, 
the error of this supposition ultimately disappears. 

As a corollary to what is proved ubove, wo may add tbat—In sailing upon a single 
rhumb, the differences of latitude made are proportional to the distances run. And 
from the theory of the right-angled triangle established in the Introduction, we have 
all the proportions usually given on this part of the subject in books on Navigation ; 
they arc expressed os follows ; — ♦ 


I. 

II. 

III. 

IV. 
V. 

VI. 

VII. 

VIII. 

IX. 

If 


Iladius 
Radius 
cos Course 
Radius 

Distance sailed 
Distance sailed 
Sin Course 
Tan Course 
Diff. Latitude 


: sin Course 
: cos Course 
: Radius 
: tan Course 
: Diff. Latitude 
: Departuro 
: Radius 
: Radius 
; Departure 


Distance sailed 
Distance sailed 
Diff. Latitude 
Diff. Latitude 
Radius 
Radius 
Departuro 
Departure 
Radius 


Departure. 

Diff. Latitude. 
Distance sailed. 
Departure, 
cos Course, 
sin Course. 
Distance sailed. 
Diff. Latitude, 
ton Course. 


the table of natural siuos, cosines, &c., be used, then Radius z= 1 ; if the table 


• T/e have thought it as well to eipren the rulaa and fornu^ffi given in the InTuoirocrioK, in 

the form’of proportions here, as seamen are moretieguetomed to use them in this shape ; but the 
reader of the Introduction will see that this Rule-of-Three arrangement of the termi employed is 
not necessary, and he may therefore adopt it oi not, asheplea^. 
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of iQgmitljiinio sines, cosines, 4cc,, bo used— *and they are omidoyed by seamen too 
indiseriminately— then log Kadins = 10. 

In all books on Kavigation the latter tables, •delusively, |ire referred to ; bnt, as 
already stated in the Xnt&oducxiox, we would h^ccommond^ a departure from fliis 
prao<4nc : wo shall, therefore, in general, exhibit the calculfftions by hth tables. 

It is not considered nenossaiy, in the examples that fo&ow, to introdupe diagrams 
of the several triangles ; but the lomner shcfuld airways roughly sketch thp sihtabln 
triangle himself, observing that, as is usual in maps, the top of the page is to be 
regarded on North, and the bottom as South ; the right-hand side ^ast, and the left 
West. In sketching his right-angled triangle, therefore, ho should di’st draw the N. 
and S. line, or the hori 2 ontal meridian, and tlicn take a portion of it for the difference 
of latitude, drawing, from the latitude reached, the base of the triangle, to represent 
tjio departure — ^to the nght if the departure be cast, and to the left if it be west. The 
hypotenuse will then represent the^distance sailed, and the ahgle between it and the 
difference of latitude, the course. It will bo as well to regard tlio verte^L of this angle as 
at the centre of the compass^card, since it is the centre of the sensible horizon at starting 
on the course, and thus no mistake can be made as to which side of‘ the meridian line 
the angle of the course is to lie on, or whether its opening bo upward or downward. 


Examples. 

*1. A ship from latitude 47’ 30' N., has sailed S.W. by »S., a distance of 08 miles : 
what latitude is she in, and what depai'turc has she made r 
The course being 3 points is 33' 45’ : hence — 

1. To Jhid ths diff. lat. 


By logarithms. 


As rad — 10 \ 

: cos course, 33’ 45', . . . 9*9199 | 

; : distance =. 98 .... 1*9912 

: diff. lat. = 81*49 . . . 19111 


Without logarithms, 
diff. lat. = cos course X distance. 


cos course, 33’ 45', .... *8315 

distauce 98 


66520 

74835 


I diff. lat. ... = 81*487 

) — - ■ 

Hence the difference of latitude is 81 49 miles. S. 


By logarithms. 

As rad 

; sin course, 83’ 45', . . 

distance = 98 . . . . 

: departure = 54'44 . , 


2. To fnd the dejh^rture. 


— 10 
9-7447 
1*9912 

1*7359 


Without logarithms, 
dep. = sin course X distance. 


f sin coui*sc, 33’ 45', -5550 

i distance . 98 


44448 

50004 


54-4488 


Hence the departure Ls 54*J5 miles, W, 

The latitude from . . . 47’ 30' N. 

XhediffetwiMflflat. • • ^ degrees = 1’ 21' , • 

. 4*15’ 9' N. Departure Mi miles, W. 


Latitude in 
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Tiuj CAWnplo is hero worked by computation ; thore is pother way of obtaAing the 
results— namely^ by inspection. This latter method requires rotereoee to & table ealled 
the Traverse Table, and which is tq be found in every collection of navigation tables. 
The table is arranged much like a ttble of sines and cosines ; the angles of the courses 
are inserted at the top of the page, when they do not exceed to"*, and at the bjttom 
when they do, and the dislftncca are placed down the margin. By entering the table 
with any given course and distance, tlft) corresponding difference of latitude and 
departure can be taken out from the body of the tabic. 

This ta^ble is a vary useful one for seamen, as it computes for him the two formulae 
worked by in the right-hand column of opeiutiona above ; that is, entering his table 
with the proper course and distance, he finds, under the respective heads “ Lat.’" and 
“ Dop/' the values of , , 

cf 3 course X distance, anS sin course X distance 
already worked out foi^ him, usually as far ^ places of decimals, whiah is an 
extent amply sufficient. A tabic of natural sines and cosines is thus all that is wanted 
to construct a traverse table. In such a table each sine and cosine is multiplied by all 
distaucoB from 1 up to 1 20, which is the ordinary limit to wliich the columns of 
distances are (tarried. Distances which exceed 120 miles may be cut up into smalicr 
distances, iuid the portions brought within the compass of tlie table. • 

2. A ship from latitude 47’ 30' N., sailing N.AV. h W., finds that she has made 
82 miles of departure . What is her distance run, and her latitude in • 

The course being 5 points is oG' henoe^ 

1. To Jind the distance. 

By logapthroa. 

As sin couoBc, 1)6’ Id' . . 

: radius 

: departure = 82 . . . 

' distance = 98 G2 . . . 


By logaritlim? 
As tan course, oG’ lo' . . 

: radius 

. departure ;= 82 . . 

diff. lat. = rA'70 . . . 




; Without logarithms. 

- 9*91^8 course. 

4ep. ^ 

10 j tin course, 56' 15' . *8,8,1,5)82 (98*6 

1-9138 . 7484 


1-9940 


716 

^ G65 

: 

distance = 98*6 miles. 50 

2. To tho dif, lat 


10-1751 ^ 
10 

1-9138 


1-7387 


Without logarithms, 
diff. lat. = dcp. tan course, 
tan course, 56’ 15' . 1*4,9,6,0)82 (54-8 

7483 • 

“7I7 

509 

I18 

• 119 

Diff. lat. = i54\S miles ::9 55 * N. 
g ^Latitude from • . • • 47"* 30' N. 


Latitude in 


48" 26' N. 




EXAMPLES CONTINUED. 


3. £ Bhip has sailed S.£. b S.^ from lat. S?” 30' X. to lat. 46^ 8' N., required the 
distance run and the departure m^e. 

The course being 3 points ia 33® 45' ; 

• 

' diflC lat.r I® 22' N. = 82 miles. 


1. To find the dietanee. 


Bj logarithms. 

As cos course, 33® 45' . — 9*9198 

: radius ... 10 

diff. lat. ic= 82 . . 1*9138 


distances: 98*62 


10 

1*9138 

10940 ' 


Without logarithms, 
dist = diff. lat. -f* cos course, 
cos course, 33“ 45' -8,3,1.5)82 (98-62 


dist. = 98*62 miles 513 
499 


By logarithms. 

As radius 

: tan course, 33® 45' 

: : diff. lat. = 82 . . 

: departure = 54*79 


2. To find the departure. 

Without logarithms. 

- 10 dcp. = diff. lat. X tan course, 

9*8249 tan course, 33“ 45' , . *06682 

1*9138 diff. lat. = 82, reversed . 28 


departure = 54*792 miles 


4. A ship from lat. 50’ 13' N., while sailing on a course between south and cast, 
a distance of 98 miles, makes 82 miles of departure ; what course did she keep, and 
what latitude did she arrive at ? 


1. To find (he couree. 


By logarithms. 

As dist. = 98 . . . — 1-9912 

: dep. 3±:82 . . 1*9138 

: : rad. .... 10 

: sin course, 56® 48' , 9*9226 


Without logarithms. 


♦ , . 82_41 

sin course = dcp. -r dist. = 


7) 5-8571 


sin 56® 48' 


Ilcncc the course is S. 56® 48' E. 
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EXAJiPLEB COMTINUfiP. 
2. Ta JM the diff, XaU 


By logarithms. 

.. 1 

Without logarithms. 

As rad - 

a* 

O 

diff lat. :=r dist. X cos course. 

: COB course, 56° 48* * 

9‘7384 

cos course, 66° 48* . *6476 ^ 

: : dist sa 98 . 4* 

1-9912 

dist. = 98, reversed . 89 

: diff. lat. = 53*66 

1-7296 

49284 


— 

4381 



diff. lat. = 53*665 miles 54* 

And 50° 13* 

N. — 64' N, : 

^ 49'* 19* N., the lat. in • 

5. Yesterday at nocn we were in lat. 38**32' N. ; and this day at noon wo were 

in lat. 36* 56* N. We have run on a single course between 8. and E., at 5 J knots an ; 

hour : required our course and departure. 


Lat. from 38° 32* N. 


2} 24, number of hours. 

Lat. in 36° 56' N. 



Diffi lat. V 36' N. : 

= 96 miles 

120 



12 , • 


% 

132 miles, the distance. 


1. To find the course. 

By logarithms. 


Without logarithms. 

As dist. = 132 

. — 2*1206 

lx j- X 8 

: diff. lat. = 96 

1-9823 

cos course = diff. lat. dist. = y = - 

\oZ 1 1 

: : rad 

, 10 • 

11)8 

cos course, 43’ 20* 

. 9-8617 

cos course, 43* 20' . . *7273 



.*. the course is S. 43* 20' E. = S.E.5S.’JE. 



nearly. 


2. To find il\e departure. 

By logarithms. 


Without logarithms. 

As rad 

. — 10 

dcp. = sin course X dist. 

: sin course, 4.1’ 20* . 

9*8365 

sin course, 43° 20' . . *6862 , 

* : dist. = 132 . 

2*1206 

dist. = 132, reversed . 231 ' 

: dep. = 90*58 . 

1*9571 

6862 



2059 

departure = 90*58 miles E. 




departure 90*58 miles E. 


» • 

The foregoing examples have all been \dlved by computation. As remarked at 
page 11, the same results, though with rot precisely Jhc same ami>unt of accuracy, 
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METHOD OF CONST!Ct?6tlOK — FOR EXERCISE. 

may be ‘obtained by inspection of the TraTcJa© Table. There is also a third method of 
proceeding, much practised by seamen, though less accurate still, by which the required 
conclusions may be reached : it is the method o^ ^mtructim.^ A circle is described, 
and the nortli and south or the horizontal mdridian, is drawn through its centre ; 
then^from a scale of chords, constructed agreeably to the tadius used, which radius is 
of course the chord of 60® on the scale, the chord of the bourse is pricked off in its 
proper direction from the N. or S. extremity hf the meridional diameter ; from the same? 
extremity a lino is then drawn through the point of the circumfcronco before mark(‘d 
this is the line pf distance, or hypotcnusal line, and the line already drawn through the 
centre is the line of difference of latitude : whichever of these is given is now to be 
measured off from any scale of equal parts, and the right-angled triangle is then to be 
completed by intrc^ticing the third aide, which, measured from the same scale, will 
give the length sought. 

In this illustration, the course Snd oho of the sides inclndftig it is supposed to be 
given ; but if the course be unknown, and any two .of the sides of ^the triangle given, 
the mode of proceeding is re'adily suggested Htim that above • — ^in all eases wo have 
two parts of a right-angled triangle given to construct the triangle — a simple geometri- 
cal problem. The unmeasured parts arc then to be measured, tbo angle of the course 
from the scale of chords, and the sides from the scale of equal parts already employed. 
Wo shall conclude this article with a few examples for the exercise of the learner he 
w&ljuot forgot tliat the given courses are always understood to be tbo true courses, that 
is, the compass courses corrected for variation, local deviation, and leeway. The means 
by which the variation of the compass is ascertained cannot be considered here, as the 
subject belongs to Nautical Astronomy. 

Examples for Exercise in Courses, 

1. A sliip from latitude 48' 40' X. sails N.E. by N. 29G miles: rcquiivd ihv^ (li> 
porture made and the latitude in. 

Ans. Departure 1C4'4 mile? E. Latitude in ,52' 4f/ N. 

2. A ship from latitude 49"' J?0' N. sails N.W. by N. 103 miles: required her de- 
parture and the latitude in, 

Ans. Departure o7*2 miles W. Latitude in dO' -50' N. 

3. A ship from latitude 47*' 20' N., .‘^ails on a course between N. and E. a distance of 

98 miles, and arrivc’S at lat. -18 42' N. . rcquire<! the com*s(! st '^red and the departure 
made. Ans. Course N SS"* IT E. Depart *rc 53 ’7 miles E. 

4. A ship sails S.E. 4 E. from latitude 15' o-V S. till she is found by observation to 
i be in latitude 18" 49' S. : required her distance run, and depart iin‘. 

‘ Anc. Distance 271 miles. Departure 212 railc-s E. 

• d. A ship from latitude 34^ 23' S. sails between the soul-i and west till she reaches 
latitude 36® 34' S. and finds that she has made 7-3 miles of departure : required her 
course and distance run. Ans. Course S. 29’ 47' W. Distance 151 miles. 

6. A ship from latitude 3® 10' N. sails iS.W. by W | W., till she has made 350 
miles of departure : required the di.stancc sailed and latitude in. 

An^. Distance 415 miles. Lat. in 17' S. 

• There is also a fourth metpod— -by GuNTKa’s S<Ai.r— wliich it is not worth while dwell 
uprm. Any mechanical operation with scale pnO' compasses is necessarily affected with iitflccurocy ; 
and as reference to the Tramse Table requires less time, and ftimlshes truer results, it is always to 
be preferred next to eompntation. ^ 




T:^Y£]E^d£ saIuj^g. 47 

7. A ship in latitude 3'’ 52' S., ie^K)tmd to a port bearing K.W. by W. % W/, in 

latitude 4* 30' K. How far docs that port lie to the westward, and what is the ship’s 
distance from it ? in other words, jhat departure and distance must the ship make to 
reach it ? Ans? Departure 939 miles W. Distance 1065 miles. 

8. A ship, from latituio 42^ 18' N., sails S. 25^ W. a distance of 150 milc^: re^ 
quired her departure and Icititude iu. 

Ans. departure 63^ miles W. Lat. in 40*^ 2' N. 

9. If a ship sails from latitude 48^ 27' S. on a S.W. by W. course at the rate of 7 
knots an hour, in how many hom*a will she arriyc at latitude 50" S. ? 

Ans. In 23-^ hours. 

10. A ship from latitude 55^ 30' N. sails S.W. by S. for 20 hours, and tlicn finds by 

observation that she is in latitude 53’ 17' N. : required her hoiyly rate of sailing, 
and the departure she has made. * 

• Ans. Rate 8 milds an hour. Departhfe 88*87 ttiiles W. 

11. A ship sails for 18 hours on a single course between the S. fthd W. from lati- 
tude 38" 32' N. to latitude 36’ 56' N., at the rate of 7^ miles an horn- : required the 
course, distance, and departure. 

Ans. Course .S. 43’ 20' W. Di.stance 132 miles. Departure 90-58 Vf. 

12. A ship sails for 53 J hours on a S.£. J E. course from latitude 52’ SO' N. to 

latitude 47® 10' N. : required the average rate of sailing per hour, and tho departure 
made. Ana. Rate 10 miles an hour. Departure 432 milej H. 

Compound Courses, or T^werse Sailing.— When, from contraiy winds 
or other causes, a sbijj’s track from one place to another is made up of several single 
< onrse^i, the 7.ig-zag path it takes is called a Tbavehsk. or a CoMPoryi) CoriisE ; and 
tlie determination of the single course and distance, from the place left to the place 
andved al., is called ttorkwff or rcsohmg the traverse. 

To u’ork a traverse, it is only necessary to find the difference of latitude and depar- 
ture for l ach di.stinet course, ns in thi foregoing article, to take the aggregate of these 
for the w hole difference of latitude and departure, and thonce to find the corresponding 
single course and distance. 

The most orderly w ay of proceeding is to form a little traverse table, consisting of 
six column^, to rcetive the proper entries for course, Uist.ince, diff lat. N. and S., and 
dcp. E. nne W., as in the specimen iu example. I following. When the entries arc 
completcfl, the two diff. lat. columns arc added up separately, and the diflerence 
of the re-^uUs taken : this difference is the wdude diff. lat., which is N. or S. 
according as tlx* N. or S. (olumn gives* tlie greater result. In like mauiur, the 
results of the tw'o departure columns being found, their difference is the resultant 
departure, to be used W'itli tlie whole difference of latitude, to determine the direct 
coarse and distiincc. 

Exampicfi, 

1. A ship from latitude 51’ 25' N. has sailed the following courses, namely, 

1st, P.S.E. IE., 16 miles. 2nd, E.S.E., 23 rnffes. 

^ 3rd, S.W. 5 W. iW , 36 miles. 4tb, .W. JN., 12 miles. 

* 5th, S.E. h E. |Bi, 41 miles. 

Ecquired the latitude in, and the direct course and ^stance to reach it. 
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METHOD OF WORKING A TRAVERSE. 


L. 

Tbavebse Table. 


Courses. 

Diet. 

Diff. of d^de. 

w 

Departure. 



N. 

s. 

w E> 

W. 

S.S.RiE, 

16 


14*5 

.. 6*8 


E.S.E. 

23 


8*8 

21*3 


S.W. 5 W.JW. 

36 


17 


31*8 

W. 

12 

1*8 



11*9 

S.E. h E. ^E. 

41 


21*1 

35*2 




1*8 

61*4 

63-3 

43*7 




1*8 

437 


Eqipvalent course, S. 18" 12' E. 




I 

Direct distance 63 miles. j 


59*6 

19*6 



The first two columns of this table are occupied with the given courses and dis- 
tances; in the other four oro inserted the diif. lat. and dcp. corresponding to each 
course and distance, taken by inspection from the Traverse Table. The results of these 
latter columns show that the difference of latitude made is 59*6 miles S., and the 
departure 19*6 miles E. And from those the latitude in, and the direct course and 
distance from the latitude left to the place reached, is found by computation as 
follows ; — 

Latitude left 25' K. 

Diff. lat, 69*6 miles . . . 1'^ 0' S. 

Latitude in ^0 ’ 25' N. 


By Logarithms 
As diff. lat. = 59*6 
: departure = 19*6 
: : radius 


1. To find (he direct course. 

j ■\^ithout logarithms. 


. — 1*7752 
1*2923 
. 10 


tan course =r dep. -r- diff. lat. 

5,9*6)19*6(*3288 = tan 18" 12' 
1788 


: tan course, 18" 12' 


9*5171 


172 

1192 


528 

477 


51 

48 


* Hence the direct course is S. 18" 12' E. 


} It thus appears that if the ship had left her port on tho course B. 18" 12' E., and 
I had kept this course unaltered for a run of 63 miles (sec neart page), she would have 
arrived at 4he place reached by the above traverses. This conclusion, however, is not 
rigorously true, though near enough fc^ practice. See the remarks subjoined to 
example 8. 
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By logaritlmifl. 
Ab sin course, 18° 12' 

: radius . . * . « 

: : departure = 19*6 . • 

: distance = 62*75 


2, To find the distance^ 

Without logarithms, 
dist. =: dcp. -f- sin course 
sin 18° 12' = *3,1.2,3)19*6 '62*7,5 

18738 


— ^*4946 
10 

1*2923 

— 


1*7977 


862 

625 


237 

219 


* P8 

» I ’ ^ 

Hence the nautical distance is 62 75 iniles» 

Note. — It will save time, and he a guard against mistake in the dlling up the 
several columns from the Traverse Tabic, if, before that table is opened, a mark be put 
opposite to each course, and in each of the columns where the entries connected with 
I that course arc to bo inserted. Thus, if N. occur in the course, mafk a little cro^s 
) against it in the N. column, near enough to the right-band margin of that colnmn to 
I allow of room for the extract from the Traversil^able ; if S. occur in the course, 4{>ut a 
like mark in the S. column. If E.^occur, mark the E. column ; and if W. occur, mark 
' the >V. column. Then, when the Traverse Table is gonsulted, we shall have precluded 
the risk of writing the particulars from it in tho wrong column. 

2. A ship sails S.W. b S. 24 miles; N.N.W. 57 miles; S.E. h E.^E. 84 miles; and 
S. 35 miles : required the direct course and distance. 

Ans. Course S. 43'' E. Distance 57 miles. 

3 A ship from latitude 50° 13' N. has sailed the following courses, namely — 

1st. W.S.W., 51 miles. 2nd, ‘W*. 5 N., 35 miles. 3rd. S. 5 E., 45 miles. 4th. 
S.AV. 5 W., 55 miles. 5th. S.S.E., 41 miles. Bequired the latitude in, and the 
direct course and distance sailed. 

Ans. Lat, in 48’ 8' N. Course S. 39’ 19' W., or S.W. b S. \ W. Dist. 162 miles. 

4. A ship from latitude 28° 32' N. has run the following courses, namely — 

1st. N.W. b X., 20 miles. 2nd. S.W., 40 miles. 3rd. N.E. b K 60 miles. 4th, 
S.E. 55 miles. 5th. W. b S., 41 miles. 6th. E.N.E. 66 mj|p8. Bequired the latitude 
in, and the direct course and distance. 

Ans. The same latitude. Course duo £. Distance 70*2 miles. 

5. From noon to noon the following courses were run, namely — 

Ist. S.W. b S-, 20 mUes. 2nd. W., 16 mUes. 3rd. N.W. b W., 28 miles. 4th. 
S.S.E., 32 milet. 5th. E.N.E., 14 miles. 6th. S.W., 36 miles. What diflferenco of 
latitude has the ship made, and what is her direct course and distancj 

Ans. Diff. lat. 50*7 miles S. Course S.W. Distance 71*7 miles. 

► 6 A ship sails from latitude 10° 6' S., the following courses, namely— 

Ist. N.N.E., 86 miles. 2nd. N., 74 miles. 3rd, E. b N., 53 miles. 4th. N.N.W, J N., 
40 milek , 6th, E.N.E. J N., 21 miles. Becmired tho latitude in, and direct course 
and distance. Ana. Lat. in 6° 34'.S. Couxs^ N. 23° 25' E. Diatance;231 miles. 

7. A ship from latitude bV 30' N., rujming at the rate of 8 knots an hour, sails 
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W.S.'W., 3 hours; K.AV., 2j hours; W., 4 hours; S.^V. h S., 2^ hours; and 

N-W. J W., 2 hours, liequired her latitude in, and her direct course and distance. 

Ans. Lat. in SI'’ 30' N. Coifrfo W. Distance 90*7 miles. 

3. A ship from latitude 24“ 32' N., sails the following coilrpes, namely — 
lat. S W. 6 W., 4S miles. 2nd. E.S.E., 50 miles. Srd. S.W., 30 miles. 4th. 

S.E. h E., 60 miles. 6th. S-AV. 5 S. J AV., 63 miles. Required her latitude in, her 

departure, and the direct course and distance. 

Ans. Lat. in 22’ 3' X. Dep. 0. Course S. Distance 149*2 miles. 

In this last example, the .ship is said to have returned to the meridian from which 
she sailed, so that her course from the place arrived at to that left, is concluded to be 
due south. In the present case, the latitude being low, the error of this eonclusion is 
practically of no coascqucnce ; but tlie bajance, or aggregate of the several departurc.s 
made on a traverse, is not, in sti ic^nc-ss, the departure due to the direct course — a fact 
that sailbrs, in general, arc not sufficiently sensible of. Wc shall adv('rt more at 
length to this matter in our introductory observations to Meiicator’s Sailing. 

Parallel Sailing* — When a ship soils upon a parallel of latitude, her distance 
run is then the same as her departure ; her diBbrence of latitude is nothing, and her 
^ difference of longitude may l>o cosily determined. 

0 Tho case is one of parnllel the theory of 

which may be established in the following manner : 

. Taking the diagram at page 252 of the Mathe- 

“ matical volume of the Circle or the Science.**, 
\ ^ let C Q repro.«ent a portion of the* equator coitcs- 
Jd ponding to the portion B P of a parallel of lati- 

j tudo sailed over by a ship, the points P, Q being 

on the same meridian. Then (> C the radius 
of the equator, and N B the radius of the parallel, 
and tho difference of longitude of B and P will be 
^ measured by tho arc C Q 

Now, since similar ares arc to one another as 
the radii of the circles to which they belong, wc have 

N B : 0 C :: dist. B P : diff. long. C Q. 

But N|B is the geometrical cosine of the latitude 0 B, to the radius O C ; eonsoqucr.tly 
N B is equal to 0 C multiplied by the trigonorocLrical cosine of the angle Q 0 P of the 
latitude, that is, expressi^ the latitude in degrees and minutes, and not in linear 
measure, we have , 

0 Ceos lat. : OC :. dist. sailed : diff. long. . . (1) 

r cos lat : I : : dist sailed : diflEL long. . . (2) 

And it follows from this, that if the distance between any two meridians on a parallel 
in latitnde L, be D, and the distance of the same meridians on a parallel in latitude L' 
be D', then alternating the proportion (1) 

co^L : cosU :: D . D' . . (A) 

(See the GBOMETBfr, page 134, Prop. 2.) 

The proportion (i) evidently solves the problem— Given the latitude of tho parallel 
and the distoco sailed on it, to find thq 4*ffercnce of longitude ; the solution^being 
..L j distance sailed 

diff«ei»eeofloii^tudc = -~-^j^— . . (3) 


DJ5DUCT10W OF THE PAACHCAt EtTLK. 


So that, aa in the former cosee, we may connect the three thinga coneerhcd in a 
right-angled plane triangle, the base repreaenting the distance failed, the hypotennee, 
the difference of longitude, and angle between the two 
the latitude of the parallel, because wc know ffom the theory f 
of the right-angled triangle that these three parts are related ' • 

as in condition (3). Any problem in parallel sailing may, x- 

therefore, always be reduced to a case of right-angled tri- 
angles; and consequently may ho solved, like a problem 

in plane sailing, by inspection of the Traverse Table. Wc shall only have to consider 
the latitude of the parallel as course^ and the distance as lat. ; the corresponding 
distance in the Traverse Table will be the lott/jr. 

It must be observed, however, that th(i perpendicular of our tightf-angled triangle 
merely serves to ecnncct togethtir the three thi^S^where mentioned ; it has no significa- 
tion ill navigation. 'Ac distance sailed on a parallel, the latitude of that parallel, and 
the difference of longitude between the place left and that arrived at, are related to one 
another as the three parts, noticed above, of a right-angled triangle, the perpendicular 
of which merely serves to complete the diagram in which these relationB arc geometri- 
cally embodied. 

The proportion (‘i) above, is usually expressed thus : — 

cos lat. : radius : : dist- sailed : (liff. long. , 

where rad, = 1 when the tabic of natural sines and cosines ia used ; and log rad? =: 10 
when the logarithmic table is used. As usual, we shall exhibit the working by both 
tables ; but it will bo perceived, as in most of the computations already given, that the 
former table is in general to bo ] /referred. 

Z\r(7mples. 

1. A ship from latitude .53' 30' N. longitude 10’’ 13' E., sails due wr'st 230 miles • 
required the k'ligitude in. 


By logarithms."* 
As cos lat, 53' 36' 
radius 

■ ■ dhtance =r 230 


Tv ^nd iht diff, long, 

'VV^ithout logariiluns. 

. — fi‘7734 ditf. long. =: dist. ~ cos lat. 

. 10 >js 53 ’ 30' = '5 9,3.1)230 (397* 

. 2 3729 ' 17802 


diff loiiir. = ! 


Hence the diff. long, is 397‘7 miles =398 miles ncaidy, 

Kcducing this to degrees, 60)398 • 

diff. long. = C* 38' E. ) The difference to bo taken, sia the lon- 
• ^ long. Icl't . , 10M8' gltudes are E, and W, 


long, in . 


3 ’ 40' E. 
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, , i — 

2. A diip &om latitude 32‘’ sailB due east till her difference of longitude is found 
to he 384 miles : what distance has run } 

* « 

Ihjind the dietaneS, 


By logarithms. 

As radius 
: cos lat, 32° . 

; : diff. long. s= 384 . 


.—10 

. 9*9284 

. 2*5843 


Without logarithms. 
Dist. = diff. long. X cos lat 
cos 32^ =; *8480 | 
384 reversed, 463 


: distance s» 325*G 


2*6127 


2544 

678 

34 


- 1 ' 325*6 

Hence the distance run is 325*6 miles. — 

3. From two ports in latitude 32° 20' N., distant 256 miles, measured on the 
parallel, two ships sail directly north, till they come to the latitude 44° 30' N. : how 
j many miles, measured on the parallel arrived at, are they apart ^ 

This question is to be worked by using the proportion (A). 


, By logarithms. 

As co^lat. from, 32'’ 20' Arith. Comp. *07 32 
: cos lat, in, 44° 30' . . . 9*8532 

: : first dist. = 256 . . . 2*4082 


Without logarithms. 

D' = D cos L' -i- cos L 
cos L' = cos 44° 30' = *7133 
D = 256, reversed, 662 


: seed. dist. = 216*1 . 


. 2*3346 


14266 

3567 

428 


cos I|=cos 32°20' = *8,4,5,0)182*61(216*1 
1690 


Hence, measured on the parallel of 44° 30' N., the ships are 
216 miles apart. Their /east distance apart is the arc of the great 
circle from one to the other ; because an arc of a great circle of the 
^hcre is the shortest distance between iu extremities. 

4. A ship from latitude 42° 54' S. longitude 9° 16' W., sails due west 196 miles : 

required her longitude in. Ans. 13° 44' W. 

5. A ship has sailed due oast for 3 days on the parallel of 43° 28' ; her rate of sail- 

ing has been, on the average 5 knots an hour. What difference of longitude has she 
made? Ans. 8° 16' E. 

6. A ship from longitude 81° 36' W. sails due west 310 miles, and is then found by 
observation to be in longitude 91° 60' W. : on what parallel has sho sailed ? 

^ Ans. The parallel of 69^ 41'. 

7. In whaf parallel of latitude is thqltagth of a degree only one-third the length 

of a degree at the equator ? Ans. Lat. 70° 32'. 

8. Two ships in latitude 47° 64' N., but separated by 9° 35' of longitude, both sail 


1361 

845 

516 

507 

9 
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directly eouGi 836 miles, and at tbo same rate : how many miles were th^ apart at 
starting, and how many after running the 836 miles? 

Ans. Fim^ distance 385} miles ; second distance 477 miles. 

9. If two ships in latitude 44* 30' N., and distant from each other 216 miles, were 

both to sail, at the sadie vate, directly south until their distance on the paralld^trrived 
at, became 256 miles, what latitude would they ho in ? Ans. 32** 17' N. 

10 . If a ship sail due east 126 miles, from tlie North Cape in latitude 71'* 10' N., 

and then due north, till she reaches latitude 73’* 26' N., how far must she sail west to 
reach the meridian from which she started? Ans. Ill'S miles. 


Middle XiatitMda Sailing. — It has already been sufficiently seen that the 
principal object of plane sailing is to determine the difference of latitude made by a 
ship sailing upon an oblique rhumb. Tiffs sailing gives ns no information respecting 
the change made in the ship's longitude ; bat if ffic rhumb sailed upon, instead of being 
oblique to the meridians crossed by it, cuts them all at right angles, as in parallel sail- 
ing, then, as just shown, the difference of longitude made may be accurately ascertained. 
Except in this particular case, the determination of the change of longitude made by a 
ship in sailing from one place to another, is a problem the strict solution of which is 
by no means easy. Independently of astronomical observations, thei^ are two modes 
of proceeding : — one is called Middle Latitude Bailings and can be regarded only as a 
close approximation to the tmth, unless a certain correction, hereafter given, be applied 
to it.* The other is called MerraiorU Sailinff^ and by this the problem is solved upon 
strict mathematical principles. Middle latitude sailing is a combination of plane sailing 
end parallel sailing, which are united in the following way 

It has been seen in the theory of plane sailing, that the line called the departure is 
a line equal to the sum of nil the elementary departures made by a ship in sailing on 
an oblique rhumb. Thus, if Alt in the annexed diagram, bo the distance sailed, the 
departure is made up of all the elementary portions of the paral- 
PA lels of latitude lying between AD and CB ; it is plain, therefore, 

' ^ that tfic depakure is less than AD, and greater than CB, since 

the meridians approach closer together the nearer the parallel is 
\V\ ’ there is, therefore, some parallel, ML, between A and 

\\\ C, such that the portion ML would be exactly equal to the de- 
1 \ \ parturc ; and that, in latitudes near the equator, this parallel ML 
c/J 1 \ 7 i 1 P cannot differ materially from the middle parallel. It is on the 
I j supposition that the departure is equal to the distance between 

>y / ^ the meridians left qpd arrived at, measured on the middle parallel, 

j o that middle latitude sailing is founded. 

/// I From a mere inspection of the diagram, — or, better still, of a 

• / / \ j common globe, — it is obvious that this supposition can differ hut 

very little from the truth for low latitudes, and for such ^ort 
distances, AB. as a day or two's run ; and more especially if the angle of the course he 
large, so that but little difference of latitude is made, and therefore the parallels AD, 

* In the year 1805, Mr. Workman published, under the eonetion of the then Astreaunner Boyal, 
Dr, Maakolyne, a amall and very uitefhl table for correcting the errors of middle latitude sailing. 
The ialjle is even now scarcely ao well known a^t ought to be ; hnd as it removes the mily objection to 
this'mode of finding the difference of longitudef We have inserted it, a little abridged, at page 59, 
and would strongly recommend it to the notice of the practical navigator. 
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CB, prett/’doso together. In such favourable ^oases^ the method of middle latitude 
sailmg— ‘iough, if uncorrccted, only an approximation to the truth— is preferable to 
the method of Mercator^s sailing, though this is thcgrotically accurate, for reasons that 
will be hereafter shown. In high latitudes, howver, this method is not to bo 
depended on, at least for more than a single day’s run, if tl^ &igle of tlic course be 
small, and tho middle latitude bo imeorrectcd ; because the interval between the 
latitude left and that I'oacbod may bo too vrido to warrant tho supposition that the 
departure is eqixal to tho middle parallel between tho meridians left: and arrived at. 
Blit if the middlo latitude be corrected by Workman’s table, page 69, all objection will 
be obviated. 

InvetHgatk^n of tho liulcs for Middle Zatffntfc Sailing . — Lot AB in the preceding 
diagram be the track of tho ship, then the dilforcncc of lf)ngitudo made will bo tlic 
same as if the nhip h*ad sailed from M to L,* abmg the middle parallel ML. By tho 
present hypothesis, the distance on« this « middlo parallel is tlv> departure made in 
running from A to B ; hence, the dqiarUirc being known by plane sailing, we know 
tho length of the parallel L; and wo know, also, the latitude of that parallel. 

^ Consequently the difference of longitude may be found as in 

K parallel sailing. Thus, if in the right-angled triangle BCD, 

N. the base represent tlic departure, that is L, and the aiiglc at 

. the base be made equal to tho latitude of ML, then tho 

, hypotenuse will represent the diflbrenre of longitude between 

* 51 and L, that is, between A and B. As the base of the 

light-angled triapgle represents the departure made, wo may 
^1 connect witli it, os in the annexed diagram, the ditfercnco 

F of latitude AC, and the distance AB, as in i>lano sailing. 

5Ve shall thus have a sort of double triangle ; in one triangle 
(the lower one here) wdll be represented the diff. Lit. AC, the 
dist. AB, tho angle A of the course, and the departure CB, 
equal in length to ML in the preceding diagram. In th(‘ 
other triangle will bo represented by CI5, the distance 51 L 
in the preceding diagram, tho diff. long. BD, of 51 and L, 
^ and the angle CBD of the mid. lat. ; the lower triangle being 

constructed conformably to the principles of plane sailing, 
and tho upper conformably to the principles of parailcl sailing. In the latter tlic 
perpendicular CD is of no signiiicancc. 

1. In the triangle DCB we have, 

cos DBC : radius^:: BC : DB, 

that is, 

cos mid. lat. : radius ;; departure : diff. long. . . . (I). 

*2. In the triangle DBA wc have, 

sin D : sin A AB ; BD (fxTiioDrcTiON, p. 21) 

that is, 

cos mid. lat. ■ sin course distance : diff. lung. . . (2). 

3. Also, in the two trianj-jes ABC, DBC, we have, 

AC tan A = BC, BT> cos DBC = BC, 

.-.AC ton A = BD cos DBC, consequently (Algebilv, p. 2 IS) 

A(f : BD :: cofiDBC : tan A, * * 

that is, 

diff. lat. . diff. long. : : cos mid, lat. : tan course. . . (3). 
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The proportions marked (1) (2) (3) tomprohend tlie entire theory of middle latitude 
sailing. It is flcoxcely necessary to mention that the middle latitude is half the differ- 
ence of the extreme latitudes when J>oth are north or both south, and half their sum 
when one is north and the other sd^ith. 

The three proportions ijivcn above may be united in one set of equations, by which 
mode of expressing them^they will, perhaps, appear in a form more conveniAt for 
memory. They are as follows : — • 

(lilf. long, z::: = dcparturo X sec. mid. ht. 


ros mid. lat." 


dist. X siu course 


=: dist sin course see. mid. lat. 


— * V ’• 7 OAJiA WW* MtV* 

COS mid. lat. ^ 

diif. lat. X tan course virwwx ^ -iw 

~ ^ =i«difr. lat. X tan course x i&f, mid. lat. 

cos mid. Iftt. 

1 Jut, by imprinting* upon the miud tho two connected triangles in the preceding 
diagram, any recurrence to formula? will not be necessary on the part of any one 
fiiniliar with what is taught in the Jxiiioouction to this Treatise ; and thi«« is one 
advantage of making tho plane triangle subservient to tho purposes of Navigation. 

Jfowover, without reference to tho triangle the single equation, diff. long.rr. 

oiiibodios all that i -a peculiar in middle latitude sailing; the other equations arc, in 
fact, implied in this • instead of departnrey the equivalent to it is substituted. • * 

1. A ship from latitude ST 18' N., longitude 9"* 50^ W., steers S* 33° 8' AV., til) 
she has run 1024 miles ; required the latitude and longitude in. 


1. To Jind the dijflsrenee of latitude. 


lly logarithms. I AVithout logarithms. 


As radius . 

. —10 

i diff, lat. r:: dist. X cos course 


■ cos course, 33*" 8' . 

, 9;9229 

! cos 33° 8' 

*8374 

: dist. = 1024 

30103 

1 1024 reversed . . . . 

4201 

• diff. lat. = 857 '5 . 

29332 

i 

i 

t 

i 

! 

8374 

167 

34 

857-5 


• the difference of latitude is 857 i miles. ] 

9 

2. To fnd the middle latitude. 

C,0) 85,7 

14’ 17' S. = diff latitude 
5r 18' N. == latitude left 

S7’ 1' N = latitude in 
’2) 88’ 19' =: Sum of the latitudes 

■ -■ • 

44° 9i' = n#ddlo latitudo 
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* c 

3. Tojind the dijferefwtof longitude (Proportion Z). 

A8C08inid.lat,44“9i' Arith.Comp. *1442 6,0)78,0 

; tan course 33^8' 9‘81i7 

lat. = 857 o . . 2-9332 W. diff. long. 

9“ 5(r W. long, left 

22“ 60' W. long. in. 

Hcnco the place of the ship is lat. 37'* V N., long. 22® 60' W. We shall now work 
the last proportion by using the middle latitude as corrected by the table at page 59. 

Under the diff. lat. 14®, at the top of the table, and in a lino with 44®, the middle 
latitude, we find thft correction 27' ; which^, added to 47^" 9j', gives 44® 36J' for the 


corrected middle latitude. 

As cos corrected mid. lat., 44“ 36^' Arith. Comp. . ’1470 

: tan course 33® 8' , . . . 9-8147 

:: diff. lat. = 857*5 . . . . 2*9332 

: diff, long. = 786*2 2*8955 


.*. diff. long. = 13’ 6' /. 9® 50' + 13® 0' = 22“ 56' W. long. in. 
Hcroe the error in longitude, by taking the uncorrcctcd middle latitude, is 6 miles.. 

The construction of the table here made use of, cannot be explained till we come 
to Mercator's Sailing. But the necessity for some such table may be readily made 
apparent , for since, as shown above, 

diff. long. = departure X see. mid. lat., 


: diff. long. = 780*1 



it follows that if there be any error in our estimation of the departure — that is, in our 
considering it to be exactly equivalent to the middle latitude distance between the 
meridians, there will be a still greater error in the resulting difference of longitude 
because a secant is always greater than unity, when the angle to which it relates is of 
any value at all ; and the greater the angle the greater the error. In high latitudes, 
therefore, where the middle latitude is considerable, the error in longitude, if left 
uncorrected, may bo seriously w*ide of the truth. Foi example, when the difference of 
latitude is 20®, and the middle latitude 72“, the error in longitude w’ould amount to 
nearly half a degree; that is, to nearly 30 miles. Mr. Workman's table shifts the 
middle latitude parallel a little higher up, as the mid. latitude parallel a little exceeds 
the departure in length ; a.s will he sho'ma presently. 

2. A ship from latitude 49“ 57' N., and longitude 5“ 11' W., sails between the 
sojith and west tDl she arrives in latitude 38“ 27' N., and finds that she has made 
440 miles of departure : required the course steered, the distance run, and the longi- 
tude in. 

1. To Jind the diff, lat. and mid. lat. 

Latitude left, 49“ 57' N. 

Latitude in, 38“ 27' K. 

Sum 88“ 24^ ^.^'2 = 41“ 12' = mid. lat. 

Diffl 1 1“ 80' 690 mUes = diff. lat. 
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By logarxthma. 
Asdifflat = 690 . . . 

: departure = 440 . .« 

: ; radius 


: tan course 32'' 32' . 


2 « To^^nd the eov/rw^ 


Without logarithms, 
tan course = dep. -h- diff* ~ ^ 
69)44 (-6377 = tan 32'* 32' 


Hence the course is 32'' ^2'. 


By logarithms. 

As sin course, 32^ 32' . . . — 9*7306 

: radius 10 

: : departure = 440 . , , . 2*6435 


: distance = 818*3 


3. To Jind the dutanee. 

Without logarithms. 

— 9*7306 “ *^®P* course 

sin 32" 32' = 5,3J,7,9) 440 {818*2 
43023 


Hence the distance is 818 miles. i — 

4. To Jind the difference of longitude (Proportion 1). 

As ( OS correct mid, lat. 44" 28', — 9*8535 j Longitude left ... 5" 11' W. 

• ra^us .... 10 I Difi. long. 617 maes, = . 10’ 17' W. 

: : departure 440 . . 2*6435 

:diir. long. = 616-6 . . ^0 

If the mid. lat had not been corrected, the long, would have been about 3' in error. 

A ship from latitude 51" 18' N., longitude 9" 50' W., sails S. 33° 19' W. until her 
departure is 564 miles ; required the latitude and longitude in, and the distance sailed. 

1. To Jind the difference nf latitude. 


By logarithms. 

As tan course, 33’ 19' . . — 9*8178 

: radiu.s .... 10 

: : departure = 564 . . 2*7513 

: diC lat, ss 858 . 2*9335 


Without logarithms, 
diff, lat = dep. -f- tan course, 
tan 33’ 19' = *06,5^)564 ( 858 


Hence the diff. lat. is 858 miles. 


5S 

EXAMPtBS POR EXERCISK. 

• 

3. Tojlttd th« nudHt latitude. 

C,0)8.58 

• 

14" 18' S. = diff.ktKiulc 

51® 18' X. = latitude left « 

i 

37’ 0' =: latitude in 

2}S8 ’ 18' = sum of the latitude s 

I 

1 

1 

1 

44' 9' =: middle latitude 

1 

3. To fnd the distance sailed. 



i*y lo'gariLhms. 

« 1 

( 

AVitliout logarithms. 

As sin course 

, 3;r 19' 

. —•9-7398 

dul . d*p. -r- sin course 

: radius 

. 

. 10 1 

sin 33" 10' = *5.1 0,3 )5(>4 ( 1 

: . departure 

= 564 . 

2-75:3 

5493 

: distance 

=: 1027 . 

30115 

147 


no 


r<7 

« , • as 

Jlcncc the distance sailed is 1027 miles. 

1. To fiud the dijffrrn^e of longitude [Proportion 1). 

As 003 correct mid. lat. 44’ 30' — 9*8‘>2o | C 0)79;2 

: radius .... 10 > 

: departure = u04 . 2 7'^^ ' 13 12 W. diff. lonpf. 

* 9’ 50' \V. long. Icit 

: difF. long. = 792 1 . 2 8988 i . 

; ±P 2' ^V^ long, in 

The error in longitude here, by using the imcorrectod middle latitude, would Iw 
six miles. 

4. A ship in latitude oT 18' N., longitude 22"’ 0' AV., is bound to a ])lace in the 

S.E. quarter, of which the nautical distance is 1024 miles, and the latitude of it 37 ’ N. : 
required the direct course, as also the difference of longitude between the two places. 

Ans. Coui'se 8. 33 ' 5' PI. Diff. long. 786 i miles. 

5. A ship from St. Michael’s in the Xzores, lat. 37’ 48' N., long. 25' 10' W., is 
’ ^ound for the Start Point, lat. 50’ 13' N., long 3' 38' W. required her course and 

nautical distance. Ans. Course N. 5r 7' P^. Distance 1187 miles. 

6. A ship sails in the N.AV, quarter 248 miles, till her departure is 135 miles, and 
her difference of longitude 310 miles - required her course, the latitude left, and the 
latitude in. Ans. Course N. 32’ 59' W. Lat. left 02' 27' N. Lat. in 05’ 55' N. 

7. A ship from latitinle 38’ 42'J N., long, 9® 8'| W . sails A’v'.S.W. JW. 168 miles . 

required her latitude and longitude. Ana. lat. 37’ 54' N., long. 12 ' 33' \V. 

8. A ship sails from th^ Lizard, lat. 49'’ 57' 44" N., long. 5’ 1 1' 5" W., for a dis- 
tance of 700 miles on a AV’.S.W. course*: Required the latitude and longitude an. 

Ans. Lat. in 45’ 29' 50" N. Long, in 2P 13' 33" AV. 
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HERCATOft’S SA^.1NG. 

Mbfeatov't Sailing,— The two great problems of navigation ore the determining 
the latitude and longitude of a ship at sea ; the other demands of the science are easily 
provided for. Of the two leading problems mert^oned, the former is, in general, by far 
the more simple ; as, by the aid of the imaginaiy line called the departure, we may 
reatiily discover it, either by construction or computatior, by means of the common 
theory of the right-angled triangle, whenever the course' and distance sailed arc taken 
account of. ^ 

The departure, as used in plane sailing, is the occasion of some error in certain 
of the results of navigation : for instance, in the determination of the direct course and 
distance, as the result of a Averse. If a ship sail on several courses, and her depar- 
tures east just balance her departures west, we conclude that she has returned to her 
meridian ; but it is plain, from the principles of middle latitude sailing, that the amount 
of departure that would bring a ship in north latitude to any given meridian on a course 
inclined to the norths would bo less than the departure necessary to bring her to the 
same meridian on a course inclined to the touth ,* indeed, the first principles of plane 
sailing show that the elementary departures in the latter case exceed those in the 
former. And hence in a traverse, the resultant of the departures will not be the correct 
departure due to the resultant difference of latitude ; and consequently the resultant 
single course will not, in strictness, be the true one. 

In a day's run, the error will no doubt be in genera! of but little moment, and not 
V. orth taking note of practically, when wo consider that the courses steered are not 
rigidly determinable ; but it is well to apprise the learner of the niatbcmatical ahort- 
coniings of our proceedings ; and more especially to forewarn him that if hngitude is 
deduced from the balance of departures, even for a single day’s run, in high latitudes — 
latitudes, for instance, above 52® or 53’ — the result may be sensibly erroneous ; and in 
latitudes of from 60’ to 70^ the error may be such as to endanger the safety of the ship. 
Unfortunately sailors are, in general, so much guided by prejudice, and «o unwilling to 
adopt innovations, as they think certain improvements to be, that the common practice 
still is to confide as implicitly in the resultant ^epartu^e of a set of departures, as in the 
departure made in a single course. And it is probably in deference to this erroneous 
impression, that even the most popular books on navigation are silent on the subject. 
In such books the middle latitude distance of the meridians is still taken for the correct 
departure ; though, as noticed above, the resulting error in longitude may amount to 
so much os 30 miles. 

The place of a ship in reference to any given meridian, can be determined correctly 
only by correctly finding her longitude ; aud this is done by Mercator's sailing in a 
very ingenious manner, as we shall now rhow. 

ZnT«(rtigAtion of tlio Theoxy of BKoveatox'B Sailing.— liVlien a ship sails 
upon an oblique rhumb, it has already been shown that the difference of latitude, the 
departure, and the distance run, are all truly represented by the sides AC, CB, AB of a 
piano triangle, the angle A being that of the course. The departure, CB is not the re- 
presentative of any line on the sphere : it is the equivalent of all the minute departures 
in the diagram at page 6, united in one continuous line. Let A^r, in the annexed 
diagram, he one of th« elementary triangles figured in the representation just referred 
to, eb Mwg one of the elementary dep^ures, and Ac the corresponding difference of 
latitude, Kc»w cb being a small portion of a parallel of latitude, it will be to a similar 
portion of the equator, or of the meridian, as the cosine of its latitude to radius, as 
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was proy^ at page 19 ^ and this similar portion of the equator or of the mlridian^ 
measures the difference of longitude between c and h. 

Suppose the distance Xb prolonged t^ till the departure 
if hr is equal to this difference of longitude t &en we shall 
have * • 

cb : tfV ; : cos lat. of : 1 (the trig, radius). 

But ch : e*b^ : : Xg : Xif (EucUd Prop. 4, VI.) 

/. Xe : Ac’ : : cos lat of ; 1 /. 

/. Xnt sas y ss Ae X sec lat of cd . . . , (I) 

cos lat. oi cb ^ ' 

That is, the proper difference of latitude, Ac must be^increased 
to Ac’ = Ac X sec lat. in order that the proper departure, c&, 
may be increased to an amount equal to*the difference 
of longitude of c and b ; mother words, the ship havingmade 
the small difference of latitude Ac, and the corresponding 

departure cb, miut continue her course tiU the difference of latitude has increased to 
Ac X sec lat of c, in order that her increased departure, e*b% may giye her difference 
of longitude made in sailing from Xto b. 

Suppose now that all the elementary distances are prolonged in this manner ; it is 
then obvious that the sum of all the corresponding increased departures will necessarily 
be the whole difference of longitude made by the ship during its course from X to S, 
Hence, to represent the difference of longitude between A and B, we must prolong the 
^ difference of latitude AC, till the length AC' becomes equal to the sum of all the 
increased elementary differences of latitude ; this done, it follows that the departure 
C'B’, due to this increased difference of latitude, will represent the difference of longi- 
tude made in sailing from A to B. 

It is self-evident that, as the departure CB, actually made by the ship, is always 
less than the difference of longitude made, there must be some more advanced departure 
C'B’, that would be exactly e^ucU to ^is diffcrenco of longitude. The object of the 
foregoing reasoning is to discover how the increased difference of latitude, due to this 
departure, is to be ascertained. 

Now the finding the length of AC' implies the finding of all its elementary parts : 
suppose we take each of the elementary parts of AC equal to 1', that is, that we regard 
Ac to be 1 nautical mile ; then Ac’ will bo equal to 1' X sec lat. of c. And, generally, 
if / be the latitude of any point in AC, the length of a minute of latitude, terminating 
in that point, will bo increased to V x sec L 

These enlarged portions of latitude are galled meridional parts ; so that wo have 

Meridional parts of 1’ = sec V ^ 

2' = sec 1' -{- sec 2' 

3' = sec 1' 4* 2' + sec 3' 

4' z=: sec V + sec 2' -J- sec 3' + see 4' 

5' = see r + sec 2' + sec S’ + sec 4' + see 5' 

&C. &C. • 

Consequqptly, the meridional parts, or the proper cnlaTgemcnt of every portion of the 
meridian, measured from the equator up to & f latitude, may be calcqlated by help of 
a table of natural secants : thus— 
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WRIGHT’S DISCOVEUrr OF THB MERIDIONAL PARTS. 

Kat. aco. Met, pattn. 

Mor. parts of V = 10000000 as 1 0000000 

2* = 1-0000000 + V0000002 sa 2-0000002 
3' = 2-000000-2 4- l^OOOOOi sa 3-0000006 
4’ = 3-0000006 + 1 0000007 = 4-0000013 
6' = 4-0000013 + 1-000001L=! 5-0000024 
&e. c jscQ. &c. 

If, therefore, a ship leave the equator, and sail upon any course till her latitude 
becomes 1' and we desire to know how much she must increase her latitude in order 
that her corresponding increased departure may bo equal to her advance in longitude, 
we find, from the above, that no further advance in latitude is to be made ; for the 
difference bctweci^the departure corresponding to the 1' of latitude already made, and 
the advanco in longitude is, as might be expected, insensible; or to speak more 
rigorously, the difference is too mmute to have any numerical value within the limits 
of seven idaces of decimals. If her latitude become 2', her corresponding departure 
falls short of her advance in longitude by a quantity so small that she has only to 
increase her latitude by 0000002 miles to render her departure exactly equal to her 
difference of longitude. 

In like manner, when 3' of latitude arc made, a further advance in latitude to the 
extent of -0000006 miles is all that mu.st be made to render her departure the same as 
hA’ difference of longitude due to the 3' of latitude. And in this way may a table of 
meridional parts be calculated, minute by minute. If wo enter such a table with the 
latitude sailed from and the latitude arrived at, and subtract the meridional parts for 
the lower latitude from the meridional parts for the higher, the remainder will be the 
meridional difference of latiiude^ or the line AC' in the preceding diagram. If the 
latitude ill bo on the contrary side of the equator to the latitude left, then, of coui-se, 
the twm of the meridional parts for the two latitudes will be the meridional diffcroncH; 
of latitude. 

Having thus obtained from the table the meridional difference of latitude (that is 
the line AC'), the difference of longitude (that is the line CB') is then deduced by 
this proportion, namely — 

As radius (1) is to the tangent of the course, so is the meridional difference of 
latitude to the difference of longitude ; or, if instead of the course, the departure (C B) 
be given, then the proportion will bo — 

As the proper difference of latitude is to the departure, so is the meridional differ- 
ence of latitude to the difference of longitude. 

Such are the correct principles upon which a true sea chart is constructed ; hut 
whether Gcrrard Mercator, the Flemish chart-maker, was really in possession of these 
principles, or whether he arrived at their practical result.^ by a scries of happ^- 
mechanical experiments, is not positively known ; he never divulged the methods by 
which he proceeded, and his secret descended with him to the grave. The first chai-t 
ho published was in 155G ; and it was not till the year 1590 that the true theory of 
its construction was expounded. This was done by Edward Wright, Fellow of Caius 
College, Cambridge, w'ho did not, however, communicate his discovery to the public 
till the year 1590, when his “ Certain Errors in Navigation Detected and Corrected,” 
appeared ; yet the key to the* entire secre^ is furnished by the single equation marked I 
(I) at page 29, a property so obvious, that we cannot but suppose it must have been 
noticed by numbers of persona^engaged in these investigations, before that time ; but, 




03 
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like the commoii oocairencc of the falling of an apple froxti a tree, it was not perceived 
to be the germ of a themy destined to change the aspect of an important department 
of science, till it arrested the attent^a of a superior mind. 

Edward Wright constructed his feble of meridional parts after the process described 
above ; that is, by actuallymdding secant after secant through every minnte the 
quadrant. But it was subsequently shown by Dr. Halley, that the meridional parts 
might bo accurately obtained in another \^y— we shall explain how at the end of the 
present article. 

It is proper to remark that a table, constructed agreeably to Mr. Wright's plan, 
will be more mathematically correct the smaller the elementary portions of 
meridian arc made ; as, for instance, if the portions, instead ot' a minute, be only half 
a minute in length. Such a table was accordingly constructed .by pughtre^ and 
furtbei extended by Sir Jonas Moore ; but the modem table of meti^onal parts is 
liased upon the strictly ’accurate theory of Br. Hillcy. Mr. Wright, however, wa& 
fully sonHible that, from the intervals in his table being bo great as 1', bis meridional 
]»arts, for high latitudch-, erred a little in excess, and he iwinted out the method of < 
diminishing the crroi- to any extent. 

It behoves cvciy writer on Navijpition to bring the name of Edward Wright 
]irommently forward Avhen treating otf what is called Mercatoris Sailii^. Mercator 
has, no doubt, the merit of originating the scheme of enlarging the degrees of the 
meridian more and nn'rc as they approach the pole, or of widening iJie inlejvtls 
between the successive ]^arallels of latitude ; he was tlius instrumental in awakening 
‘ attention to a more correct way of e'khibiting longitudes on a chart, than w^aa known 
boforo lii‘> time ; but that he was acquainted with the true principles dificovered by 
Wright, th'^ro is strong reason to doubt : for the degrees in his chart were not length- 
ened in the due proportion which those xirinciides pointed out. 

J t will occur to the reader that, when the course A is a large angle, a small inac- 
curacy in the measure of that angle may considerably affect the length of C'B' ; and, 
therefore, to diminish the irilluonce of this error in the course, it is better and safei-, 
u hou it diffiTS but little from E. or W., to use the middle latitude method : there is no 
defect in tlic table of meridional parts, when the proper decimals arc inserted, but in 
the data employed in connection with it. 

In most collections of navigation tables, however, the decimals of the meridional 
parts are omitted, and the meridional parts given only to the nearest unit. It is 
possible, thonifore, that in taking the difference between two numbers in the table, 
there may bo an error of nearly a mile in the result. The equation 
diff. long. = mcrid. <Dff. lat. X tan course, 

shows that the corresponding error in longitude will be proportional to the error in 
Ian course. Suppose, for instance, the course be 7 points, the tangent of which in 
about 5 ; then the error in longitude jxinj possilfiy be 5 miles, which is of some consi- 
deration ; but, as observed above, in such a large course the middle latitude method, 
for other reasons, should bo employed. It would, however, be an improvement if the 
leading decimal belonging to each meridional part were actually inserted in the tables, 
llobcrtsnu, one of the most able and instructive writers on ifavigation, does introduce 
the leading decimal;* and so, likewise, does Dr. Inman in his Nantical Tables. An 
extensive table of meridional parts will also Ig found in tW) quarto coUectioii of Tables 
* We do not understukd what Eobortson means when ho says ** But a table of moridional ports, 
coneirueted by the moat acenrate method, has only ^owed thA| Mr. Wright’s table does nowhere 
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COMPARISON OP WEIQHt’S AND ^ALLEY’S RESULTS. 


of J. De Mendoza Eioa. The folio wing short table will show the tru$ meridioasl ports 
oalcvlated agreeably to the mathematically-ooiTecl fomulsa given at the end of the 
I>resent artide. f 


deg. 

Wright's 
Mer. Parts. 

True 

Mar. Farts. 

deg. 

Wright's 
Mer. Parts. 

Trne 

Mer. Parts. 

^de^. 

Wright’s 
Her. Parts. 

True 

Mer. Parts. 



800-382 

35 

2244-306r 

2244-287 

66- 

5179-308 

6178-808 

m 


603*070 

40 

2622*766 


70 

6966*681 

5966*918 

15 


910461 

45 



75 

6971*548 

6970*340 


1225*129. 

1225139 

50 


3474-472 

El 

8377*34^ 

8375*197 

26 

1549*988 

1649-995 

55 

3968*188 

3967-966 

86 

BIB 

10764*621 

m 

1888‘377- 

1888*376 

60 

4527-7J1 

4827-368 

89 

bh 

16299*566 


We fholl now rc-atate the propcftiionA given in words aboveycand proceed to examples. 
As radius : tan course : : mor. diff. lat. : diff. long. 

As proper diff. lat : departure : : mer. diff. lat. : diff. long. 

Examples, 

1. A ship from latitude 61^ 18' N., longitude 9® 60' W., steers 8. 33® 8' W., till she 
has run 1024 miles : required the latitude and longitude in. 

The difference of latitude is found in example 1, page 23, to be 857i miles, or 
14’ IT S. ; and therefore the latitude in 37® 1' N. 


51® 18' mer. parts 

. 3697*6 

As radius 

10 

37“ 1' 

, 2393*9 

: tan course, 33® 8' 

: mer. diff. lat. 1204 . 

9*8147 

3*0806 

Diff. 14“ 17' 

1203*6 

1 : diff. long. 785*8 

2*8953 


Honce tho diff. long. = 13® 6' W, 
long, left = 9® 60' W. 



,*. long, in »= 22® 66' 

f 


2. A ship from latitude 49® 67' N., and longitude 6® 11' W., sails betireen tlie 
south and west till she arrives in latitude 38® 27' N., and linds that she has made 440 
miles of departure : required the course steered, the distance run, and tho longitude in. 

The course and distance are found in example 2, page 24, and the difference of 
longitude is found by the table of meridional parta» us follows : — 


lat. left 49“ 57', mer. parts . 

O 

t--- 

CO 

A^ diff. lat. 690 Arith. Comp. 

. 7*1612 

lat. in 38“ 27' . 

. 2503 J 

: departure 440 

. 2*6436 


— 

: ; mer. diff. lat. 967 . 

. 2*9864 

lat. 11“ 30' . 

967 

: diff. long. 616*7 

. 2*7901 


Hence diff. long. = 10® 17' W. 
Long, left 6’ 11' W . 


Long, in • 16® 28'. 

exceed the true meridian ports by half a minute, and this only near the pole ; for in latitudes as far 
as navigation is practicable, the difference is scarcely sensible.”— Elements of Navigation, by John 
Robertson, formerly Head Mastq- of the Royal Academy at Portsmouth, vol. 2, p. 1S6. 

Robertson's work is a very valuable perfqjr mcc, and is well deserving a place in the Seaman's 
library. It may be frequently picked up, at the book-stalls, at a very low price. Por a eoirset table 
of meridional parts (the deeiinals optitted), the tables of Norie, Riddle, or Raper may be oonsnlted. 








XS^CAtOE’s SAILINO. 


3. A sh^ from Istitudo $V 19 Imigitade 69 W., sailf 6» Id' W^tiUlmr 
departure is 364 milea : required her loogititde m. 

We muat first find the diffSerenoe of latitude made : this, hy Example 3> pege 37, is 
833 milea, or li** 19 S. : the latitam left and the latitude in irill thm hecme knoim, 
and thence the meridional^ifterence of latitude may be found by the table of n^eii- 
dional parts, by aid of which the difference Of longitude is determined, as below* 

• 

lat. left 6V* 18' mer. parts . . 3398 As diff. lat. 854 Arith. Comp. . 7*0663 
diff. lat. 14° 18' : departure 364 . . . 2^7313 

: : mer. diffl lat. 1203 . . 3'0810 

lat. in 37° 0' . . . 2393 

1 diff. long. 792*1 *. , . 2*8988 

mer. parts for diff. lat. . . 1203 ^ • • — t- - ■ 


Difference of longitude . 
Longitude left 


13° 21' W. 
9° 30' W. 


Longitude in • . . 23° 2' W. 

Hence the longitude reached is 23° 2' W. 

4. Beq^pred the course and distance from tbo east point of St. Midiaers to the 
Point 

To find the course we must know the meridional difference of latitude and the 
difference of longitude : the course being determined, the distance will be fbund|by 
combining it with the proper difference of latitude, as below. 

Start Point lat. , . 50° 13' N. bier, parts . . 3496 Long. . . 3° 38' W. 

St. Michael’s lat. . 37° 48' N. Mer. parts . . 2463 Long. . . 25° 13' W. 

Diff. lat. ... 12° 25' * Mer! diff. lat. 1042 Diff. long. 21° 35' W. 

60 60 


Proper diff. lat. 745 miles. 


1295 miles. 


. To find the course. To find the distance. 

As mer. diff. lat. 1042 . . — 3*0178 dist. = diff. lat. cos course 

: diff. long. 1295 . . , 3-1123 ‘cos 51” 1 1' = -CAe.S) 745 (1189, 

. : radius .... 10 6268 


: tan course, 61° 11'. 


10*0945 


Hence the coarse is H. 31° ir E.,'and the distance 1189 miles." 


NAVIGATION AND A8TI}ANCMY.— No. III. 





CONSTBUOffOr OF WOSmUK^S TABLE. 


It lAf to M w«U U mA^ hm» tb» woik af i&aing the difiisnmee of togtode in 
Example 2, and the conne in this lant ecsnpl% idshont logatithiiiiw 


Eot the di£ long. Ki. 2. 

mer. diff. Int. = 967 
44 


tttteootBF 


386» 

6,9)42548(616*6 miles 
414 

114 

69 

458 

414 i 


For the course Ex. 4. 
diff. l ong, 
leer. dii£ lat. 
1,0,4,2)1295(1*243 = tan 51° IT 
1042 

253 

208 

45 

42 


Hence the course is N. 51° 11' £. 


44 

e 41 

d!ff.long.= 10°irW. — 


The examples already given under the head of Middle Latitude Sailing may serve for 
exercises in Mercator’s sailing. A comparison of th© results of the two methods will 
also show the value of MTorkman’s table for correcting the middle latitude It is 
necessary, however, that the learner should notice that the two reasons given at page 
63 both conspire to render it unadvisable to use the ordinary table of meridional parts 
when the course much exceeds 45° ; from 50^ and upwards the middle latitude method 
is to be preferred ; and, for the first of th© reasons msntioned, a small error in the 
course had better be in defect than in excess. W e shall now explain the principles on 
which that table is constructed. 

Conxtmction of the Table fox Correcting the BflQl4dle XAtitnde.^Lct 

I represent the proper difference of latitude, the meridional difference of latitude, 
L the difference of longitude, and m the latitude in which the distance measured on the 
parallel between the two meridians is exactly eqnal to the departure. Then first by 
middle latitude and then by Mercatoi’’s sailing we have for the tangent of the course 

• Lx cos m h I ' 

tan course = ^ “ w = y 


Consequently by dividing the difference of latitude I taken in miles, by the meridional 
parts correspondiag to that latitude, w’O shall got cos m, and thenco m, the degrees of 
latitude in which parallel between the two meridians is exactly equal to the departure. 
It is the difference between m and the latitude of the middle parallel that is given 
in the table at page 59. « ^ 

By means of the corrected middld fktitudo, the difference of longitude, and the 
course, the nautical ffistanoe k found thus : — 



HALLEY’S ooMsnTOnoM og wmmemiiL TAKtti. ea 

The<pg ww >asifcr«fc»d«prt»lygiwi«i^ aad by saidA» ktitwii* ftilkig, 

are— 

defttttore sr Hgt. X ii|& course =s W long'. X cm m 

Bia course : cos correft^ mi4. lat : ; diff, long. : distance. 

• 

Oonstamctloa o€* Table KevIdioiiaS Taita by th» ttalley’a MMInd.— 

In Mr. Wright’s method of constructing a table of meridional partS) every tabular 
number, after the first, depends up<m iSie nnsiber pnevtensly csknlated, as already 
bhown at page 62. Dr. Halley proposed another phm by which the meridional parts 
corresponding to any given latitude may be computed independently of previous cal- 
culations. As the matter k of so much practical iatmct sre ahaU hm dmw hosv^ thin 
may bt effected. 

To transcribe Dr. Halley’s investigation (Hulosophical Transactions, Ko. 21 d) would 
be to occupy more loomathan we can spare : we nfiist therefore employ a ^^erent 
process ; an^ if the read^ be unacquamted with the first pdaciplos of the IHdSnentiid 
and Integral Calculus, he may pass it over, and omit this article altogether. 

It is shown at page 61, that if a ship in latitude x vary her ktltode by a smi^ por^ 
tiou of the meridian A 0 , and that she continue her Course till her departure becomes 
equal to the difference of longitude due to the difference of latitude ar, then the in- 
creased difference of latitude ^ y, necessary to produce thb effect, will he 

• 

A y = see d? A df, /. 2 =: sec a?. 

« A a? 

This equation is rigorously true only when A x, and consequent A pit diminished 
to the last degree of smallness ; so that, employing the notation of the differential ciff* 
cuius, we strictly have 

— 2 = sec 3; dx 

ax 

and the eategral of this is the equation* 

y =: log tan (46^ i - . (1) 

The logarithm here implied, is the Kapierian logarithm. To change it into Briggs’s, 

nr a common logarithm, we must mult^y tt by the mo^lns 

article ou Logarithms in the Circle of tse Sicences, page 279) we shall then get 
the logarithm of the natural tangent of 46’ + J a?, according to Briggs’s system. But 
in the tables it is not the log of tlie ncdural tfingent of 46^ + i ar, but this log increased 
by 10, that is inserted : hence, for ike common logarithms, the equation (1) is 

2lcl8»«... = ^“8tan(45“+i^)-10 

y = 2-302585 { log tan (45° -f -J s') — 10 ! 

This is the eorreet esiEpre88io& for the inerta^ meri^sn length, mcasored in miles, in 
referenee to a globe whose radius is I mile ; to adapt it to the globe of the earth, wo 
must unfit jply the expression by the radius of the earth,* or by 3437*74679 nautical 
miles, for in every circle the radkui ia eqaaf fi> 3437*74679 minutes of tbat circle, 
thus : — . ' ’ 
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OK THE QOKTXNUBli RHUMB LINE. 

c* , . . 

ear^ X 3 U159* V * . s= length of 180° = 10,800 nautloftl 
Ead. earth = =^^5^ = 8437 74679 nautical nulea. 

OUllOlf . • • ^ 

Hence, for the number of miles in the lengthened meridian from the equator to 
the<iatitude jr, Tre haye the formula o 

y = 7915-7044679 {log^ tan (46° + fa-) — lO) 

or, since tan (46® + J®) = cot (45® — Ja;), and that 
R 

cot = and /. log cot = 20 — log tan 

the preceding formula may be otherwise written, as follows ; — 

Meridional lat =z 7916-7044679 { 10 - log tan (45° - 4 proper lat.) j ... (2) 

It thus appears, that if the , log tfin of half the complement of any latitude be 
Bubtracied from 10, and the remainder be multiplied by 7915-?044679, the product will 
bo the meridional parts, in nautical miles, corresponding to that latitude ; and, there- 
fore, as observed at page G7, the meridional parts for any latitude may be computed 
independently of previous results. 

The logarithm of the constant multiplier 791 5 '704 ... is 3*8984896, so that from 
(2) we have 

^ log merid. lat. = 3*8984895 + log { 10 — log tan i comp lat. ) . . . (3) 
froih which formula, the itM/t meridional parts for all latitudes may bo calculated. A 
short specimen of the results has been given at page 64.t 

We shall conclude this part of our subject with a few remarks upon the peculiar 
character of the Rhumb liMf or, as it is sometimes called, the Loxodromie curve. 


On the Continued B.hnmb Zdne. — From the principles of Mercator^s sailing, 
or from the diagram at page 61, which connects the enlarged meridian with the ditfe- 
renco of longitude, it is clear that if a ship set out from any point on the globe, and 
sail on the same oblique rhumb towards the pdic, it cdh reach it only after circulating 
an infinite number of times round it ; for, from any point to the pole, the enlarged 
meridian is infinite in length, and so, therefore, is the difference of longitude due to 
this advance in latitude, provided longitude be measured round the globe in one 
imifi)na direction : the longitude, thus measured, being infinite, the ship must wind 
round the pole an infinite number of times. 

But— ^paradoxical as the statement may appcar--it is nevertheless true, that the 
infinite number of revolutions about the ^ole are performed in a finite time, and that 
the entire length of the spiral track of the ship is a finite line. However strange this 
,mft y seem, it follows, as a necessary consequence, from the principles of plant Miliug ; 
for these principles correctly give, 

length of track = - - — — — 

^ itriR nmirai> 


which is finite ; and, therefore, the rate being uniform, is described in a finite time. 

The matter may be eiplained as follows Whatever be the progressive rate of the 
ship along its undeviatxng course, the limee of performing the successive revolutions 

* Sec OaojiBTRY, page 160.' ^ 

i A ftpedmea ef a chart, cosstroeted according to these principles, is given at page 16 of the 
volume on Inixrganio Nature, in^e Ciacnn of tms Scibncss. 
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about tho pole oontinuBllY diininish as the Utitude increases ; M of 

oircuit, and the time of performing it^ evidently tend to z6ro-"tho limit actually 
attained only at tho polo itself. CSiifbe^ueiitly, an infinite number of circuits must 
ultimatdy be performed V> occupy a%nite portion of time. 

The cose is somewhat afiAlogous to those infinite descending series so ftequciptly 
met with in arithmetic and idgebra ; they are infinite — not in their aggregate amount 
but only in the number of the continually-diminishing parts into which that amount is 
divided, these parts becoming less and less, and ultimately vanishing altogether. 

In like manner, every additional circuit the ship makes round the pole, increases 
the length of the previously-described track by a quantity less and less, the successive 
increments continually diminishing, and ultimately vanishing altogether; so that, just 
as in a common decreasing geometrical ser^s, the sum of the inci^meRts— thus con- 
tinually tending to, and ultimately terminating in zero— -is finite ; and hence the time 
of describing tho track i&st be finite too. • 

TrawaiMs by BUd-Latitnde and Bfteireatoi'B SaiUag.— In order to work a 
traverse with a view to finding the ship's place, and the direct course and distance to 
it, w© may proceed in either of the two ways following : — 

1. Form a traverse table, in the first two columns of which ixtsert tho several 
courses and distances, and in the remainmg columns put the corresponding difiisrences 
of latitude and departures, found either by computation or by reference to the alr^^ 
computed traverse table, and thence determine the whole difference of latitude and 
departure, as also the corresponjing direct course and distance, exactly as in plane 
sailing. (See page 41]. 

The traverse now being reduced to a single course, find the corresponding difference 
of longitude, cither by mid-latitude or Mercator's sailing. 

This method is less accurate than that wHich follows ; because, as already observed 
(page dO), the aggregate of the several departures is not, in general, tho same as the 
single departure due to the con;pct cousse and distance. It is better, therefore, to take 
the several differences of latitude and departures separately, and thus to determine the 
difference of longitude due to each distinct course, and thenco the whole difference of 
longitude made. The second method is therefore this : — 

2, Fill up the columns of the traverse table, as directed above ; but find the 
aggregate of tho diff. latitude columns only. By means of the successive latitudes 
reached at the end of each course, find tho corresponding mid-latitude ; and with this, 
and the departure, deduce the difference of longitude made at the end of each course 
by mid-latitude sailing, and thence the wbe^ diff. long, made good. 

But if Mercator's, instead of the mid-latitude method be employed, then the 
several departures need not be inserted in the traverse table at all. An example wil> 
sufficiently show the mode of proceeding by each method. , 

JSxaMj?!es» 

1. A ship from latitude 38* 14' N. longitude 28® 66' W., has sailed the following 
courses and distances, namely— * 

1st. N.E. 6 N. i E. 66 miles. 2nd. N.N.W. 38 miles. 

• . 3rd. K.W. 6 W. 46 mUes. 4th. S.S*E. 80 miles. 

6th. S. 6 W. 20 miles. * • 6th. N.E. 6 N. 60 miles. 

Eequired the latitude and longitude in, and the direct course and distance to it. 



KUMnm or 


wr ^mm mmr mvos. 




5.1. JR 
55.W. 
N.W.iW, 
S.SA 
B. «. W. 


/I Direct course H® 16', or N.JE. . '""’TTT*^ 

Difltaace, 111 milet. ^ 

Hie 4lrect covme MOd distaaae, due to 4iff, Jet «xid dep. ;21*d| m found bf 
reference to the tretyerae table, or by ooaputatioB, «f at pages 16, 17, to be as abore. 
7b t6a loap. ^ M^LaHtuie SMny. 


latitude left « 
Hlfi lat. 108 m. 


Iiatatnde la 
SumoCkts. . 

Half Burn =:: xuid. lat. 


88® 14' N. Diff. long, as dep. -f- cos add. lat. 
IMrN. s= 21-6 -f. *7767 ss E. 

‘ ”' 7 * " "" ”:: '' Lonntudeleft 

AfiO m vr ^ 


40® ITH. 


Longitude in 


S6® %W W. 


To JM the aam hy MeretsUf^a S^Uiny, ^ 

Lalitade left 38® 14' xner. pts. . 2486 Diff. long.. = mer. diff lat K tea eonrse. 

Latitude in 40® 2' . . . 2626 « 189 X ' W = 28' E. 

Longitude left . . 26® dT W. 

Meridional diff lat. * • 189 

‘ Longitude in . • , 26® 28' W. 

nr THE sBcoKn hktbop 
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The diff. long, colniims may he filled inm iSm i mm M Ml% 
coflBiplenieiit odeadh sud. kt a»»e o i fta a, «fl „wlftL the eorrespooding depart finding 
tlie proper nnmber of silleiinrnniii^imilMdM^^ of 1h» ti^; or,^ch 
is Bomeirhat simpler, take the nu^e latitude itself as a course, and mAi tiba cor* 
responding departaro m^tbg dif. lot, roloma of the tahle, agduut wltiell^ In4e did, 
Gohiinn uriU l» fimnd the nn|aber of inilro di^ In thisvaif thetvntKCJIfing. 
columns at the bottom of last pago have b%en formed. 


nr TKB tnooam msmon {matcaroE). 


Courses. 

Diet 

Diff. Ut j 

i LaU. 

i . ■ 

M. parts. 

M.diff.L 

Diff. long. 



N. 


! 38® 14' 

2486 


». ! 

w. 

K.K.5KiE. 

56 

45 


1 38® 59' 

2544 

68 . 



N.N.W. . . 

38 

35*1 


I 39® 84' 

|68B 

45 


18*7 

K.W.5W. . 

48 

*«•« 


j 40“ * 

11623 

34 


•0-5* 

S.S.E. . . . 

30 


27-7 

39® 82' 

2586 

87 

n 


S. 5W. , . 

20 


19-8 

1 S9^ IZ 

2860 i 

26 


81 

N.E, b N. . 

60 



1 40® 2' 

2625 

68 

. . j 

43-4 




166-7 

47'3 




101^ i 

74-3 



47-3 





iBm 

e 

e 


IHfi^latitade 10S*4K^ Diffinreoee of longitode 27111 


The diff. long, colwna are here also supplied fiom the travaKift tidile by entering 
it with the given course and mer. diff. lat. taken as the proper diff let : the oonnspond- 
iag depaitore, furnished by the table, is the diff long. 

The longitude in, by the second method, whether the mid. ladtode, or Iferoetoi's 
■niliTifl^r employed, Is 25^ 2ff W., and the latitude andlongitiide left hiSao^ Invent 
directeourse snd distance, and the crorei^OQiding depaitnre, may be readily fimad by 
Meroatot's 

2. A dhip, from latitude 52" 2ff 5,, and longitude 14^ 38' W., has ssiled the lidlow- 
ittg ooursei, namely''^ 

Ist £. S.E. 43 miles. 2nd. S.W. 32 miles. 3rd. S.EL 5 8. 38 miles. 

4th. S. S.W. 80 miles. 

Eequired the latitude and longitude in. 

Ans. Latitude 49® 5T N. Longitude 13“ 87' W. 

3. A ship, firom latitude 52“ 36' K., ant longitude 21“ 45' W., hss sailed the follow- 
ing oourses, namdy-*- 

1st N.K 36 miles. 2nd. N. 5 W. 14 mOea 3id. NJ5. 5 £. i £. 58 miles. * 
4th. N. 5 K 42 miles. 5th. K N.£. 29 miles. 

Beqnired the latitude and longitude in. 

Ans. Latitude 54® 35' N. Longitude 18® dT W. 


4. A ship, from latitude 66® 14' N., and longitude 3® 12'*E., has sailed as follows 
1ft N. N,K i £. 48 miles. 2nd. K.S. f £. 28 milss. 8rd. N. f W, 82 miles. 

• ^ 4th. N.R 5 B. i B. 57 miles. 501. £. 8.B. 24 miles. 

• The m eorrstpoDding to this la the Let** eflahm is mwe nearly SSJ, so that S(h5 h written 
iasteed er 30-7 firea la the table. 
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. - . <7 , ,,,,, I 

Bewailed the ktitude and leogitude In. 

Jbur. latitude 68’’ 24' K. Longitude 7^* 64' E. 

6. A fillip, from latitude 67^ 30' K., longitude S'* 46' W.^ has sailed the following 
I courses, namely*- / 

Ist N.E. 64 miles. 2nd. N. N.E. 60 miles. 3rd. N.W. h N. 58 mUes. 4th. W. N .W. 

* 72 miles. 6th. W. 48 miles. ^6th. S. S.W. 88 mi^. 7th. 8. h E. 46 miles. 

8th. E. S.E. 40 miles. o 

Hequired her present latitude and longitude by Mercator's sailing. 

Ans. Latitude OS'* 43' N. Longitude 11** 43' W. 

SnlJlim in Ounrents.—’In what has preceded, the courfio of the ^p is sup- 
posed to hare been indicated by the compass, and that she has actually moved through 
the water in the direction of her length, fit is plain, however, that if a current act 
upon the ship, she will be diverted from, the course shown by the compass, unless the 
set of the current be itself in the direction of the ship's length, when the rate of sailing 
only will be interfered with. 

The stt of a current is the point of the compass toxcards which the stream runs ; 
its rate, or velocity, is called the drift of the cuirent. 

The common way of ascertaining the set and drift of a current unexpectedly met 
with at sea, is to take a boat, if tbe weather permit, a small distance from tbc ship ; 
and, in order to keep it from driving with the stream, to let down, to tho depth of about 
lob <fathoms, a hea%'y weight attached to a rope fastened to tho stem of tho boat ; 
steadiness being in this way secured, the log is hove into tho current ; the direction in 
which it is carried is obson^d by means of a boat-eompass, and tbe number of knots 
run out in half a minute gives the hourly drift. In this way the set and velocity, or 
drift, of the current is estimated. 

The set of the current being ascertained, we can apply it to correct the compass-course 
of the ship ; and the drift, or velocity, of the current being known, wo can apply it to 
correct fhe ship's rate of saaling as invested by the log. The rate indicated by it 

will be ob^ired, is only the rate at which the sWp moves faster than the log moves in 
the ship's direction, and, in still water, is the velocity of tho ship itself, since the log 
remains stationary ; but, as iu a current, the log also moves in tbe direction and with 
the rate of the current, the absolute velocity of the ship cannot be directly determined 
by the log in the customary manher ; yet the distance sailed, as indicated in this way 
by the log, and the course steered as indicated by the compass, though both modided 
by the action of the current, and therefore both inaccurate, arc necessary helps to the 
determination of the true course and distance. 

For the ship has, in fact, been maki&g a sort of double course : — ^the wind has 
carried her on a certain course (showm by tho compass) a certain distance, and the 
current has carried her a certain other course and distance in the same time ; the final 
effect being the same as if the two courses and distances had been sailed in succession ; 
so that the case becomes a very simple one of traverse sailing, os in the following 
exam^e. 

BxampUt. 

I. A ship rusfi 27.E. h N. 18 miles in three hours, in a current setting W. h 3. two 
miles an hour : required the pourse and distance made good. 

This is evidently the same as sayings ship sails the following couraes, namely— 

Ist. K.E.Z N. 18 miles. 2nd. W. h S..6 miles. Required the course and distance. 
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And, with the difference of latitude and departure thus found, wo have by plane 
sailing, or by the traverse table, the distance made good, 14 miles^ and the course 
li points, or N. j £. i £. « . 

2. A ship sails K.W. 60 miles, in a current that sets S. S.W. 25 miles in the same 

time : required the coufto and distance made |ood. * * 

Ans. Course K, 69^ 38' W. Distance 55^ miles. 

3. A ship has sailed the following courses and distances in twenty-four hours : — 

Ist, S.W. 40 miles; 2nd, W.S.W. 27 miles; 3rd, S. 5£. 47 miles; hut she has 

been the whole time in a current setting S.£. b S. at the rate of li miles an hour : 
required the ship’s direct course and her distance made good, * 

Ans. Course S. b W. Distance 1X7 miles^ 

4. A ship has saUod by reckoning 20 miles, but it is found by observilfiAa, 

that owing to a current she has actually sailed K.N.E. 28 miles : required the set of 
the current and the amount of dx^ upon the ship. 

Ans. Sot N. 64® 48' E. Drift 14 miles. 

The method described above of estimating the set and drift of a surface ourrent, by 
j sinking a weight, and observing the direction and velocity of the log, is often likely to 
lead to conclusions not strictly correct. Lieut. Walsh and lieut. Lee, of the United 
States Navy, while carrying on a system of observations in connection with the wind 
and cuifent charts, had their aj|tentioi^ directed to the subject of submarim current$j 
upon which they made some interesting experiments. A block of wood was loaded to 
sinking, and, by means of a fishing line, was let down to the depth of ono hundred 
and five hundred fathoms. A small float, just sufiicient to keep the block from 
sinking farther, was then tied to the line, and the whole let go from the boat. 

To use their own expressions — ** It was wonderful indeed to see this barrega move 
off, against wind, and sea, and surface current, at the rate of over one knot an hour, os 
was generally the case, and on one occasion as much as 1} kuot. The men in the 
boat could not repress exclamations of surpmse, for it really appeared as if some monster 
of the deep had hold of the weight below, and was walking off with it.” 

The effects of such undcr>cuiTents must sometimes interfere with the results,* 
deduced in the ordinary way, for the set and diift of a surface current, since to hidden 
influences, of the existence of which the observer has no suspicion, part of what ho 
attributes to the surface cuirent may be really duo: the boat, though apparently 
steady, may have an imperceptible drift. Such drifts are i^ot caused so much by the 
action of the under-current upon the sunken weight, as by the bellying of the lixte in 
the direction of the set. The aurfhoe current, too, if of any oonsiderablo depth, may 
operate Txwa similar way. ^ ^ * 

Admiral Sir Francis Beaufort, when in the Kediterranean, made seve^ experi- 
ments on this subject. He says— • 
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** Tl^ couBter ourrentfl, or ^oto vliJoli rotum beneatli tlie BorfiBUie of tke water, are 
very remarkable : in aome parts of ilte Art^ipda^ tkey are at timeB ao ttrong as to pre- 
vent the steering of the c&ip ; and, in one instance^ on nnking the lead, when the sea was 
calm and clear, with shreds of himting of various colours attached to every yard of the 
line, they pointed in difierent direotions all round the oompas^’* 

For the foregoing quotations on the under-currents of the ocean we are indebted to 
a recent publication of great value and ability, “ The Physical Geography of the Sea," 
by Lieut. Haury, of the United States Navy, the author of The Wind and Current 
Charts," in which thn results of extensive observation and experience, in different 
seasQiu, aaddnriiigaoonrseofyeiiB, maUpartiof theglobsiSrefnoorded. Speaking 
of these charts, the distinguished writer says^^ The young msciiser, instead of grtq^ 
his way along till the lights of experience should come to him hy the slow teachings 
of the dearest of ^ schools, would here*find, at once; that he had already the expe- 
nenoe o,f a thousand navigators to'guide him on his voyage. 'He therefore, set 
out upon his dzat voyage intii as much eonfidenoe in his knowledge as to the winds 
and currents he might expect to meet with as though he himself had already been that 
way a thousand times before/** 

Obliqm •ailiag-’Vnklikg BepnitiivM.— From what has hitherto been 
delivered the learner has peroeived that oblique-angled triangles may be dispensed with 
in all the ordinary computations which enter into the dead reckoning. But at the 
6<&zieaencement of her voyage, before the diip is out of sight of some known poi&t of 
land or other olijeot on dhore, the distance and bearing of that object is found, and 
thus a first course and distance obtained. This is called taking a dq/forture. It is a 
common practice to observe the bearing by compass, and to estimate the distance by 
guess, and experienced navigators eaa in this way come pretty near the truth ; but as 
in this treatise the object is to describe the most accurate methods of performing the 
various calculations of Navigation, we dmll devote a short article 
IV* V to the more correct way of taking a departure, whu^ is by 

obsernng two bearings ofi the oi^ect, and measuring by the log 
® the distance sailed by the ship in the interim between the 

observations. The solution of an oblique-angled tiiaa^e will 
I thus become nccetaary, as in the following example. 

/ Mxampln, 

^ 1. In sailing down tiic Ohannri the Eddystona Isg^thouse 

bore N.W., and after running W. ^ S. 8 miles it bore N.N.K. : 
required the ship's caurac and distance from the Eddystone at 
the last place of observation. 

* In t^ annexed diagram A repreaents the first position of 

p I the ahip, and B the U^thouae, (he bearing of which born A, 

that is, the angle NAB, is N.W., or 4 pednts. 0 is the second 
pQsitioa of the ship, and the bearing . of B from this position, that is, the 
angle K'OB, is N.N.B., or 2 points. Also the courie of the ship in the interim, 
that ta, the an|^ SAC, is V. ^ S., or 7 points. Hence (he angle BAG la 16 points — 11 
points = 6 points; also, stnee the angle SAC = N'CA, we have BGA = 7 points 2 
points = 5 points. Consequently tho^^glo B is 16 points ^ 10 points xr. b points, 

* Pbytieat Oaogrtpliy of the flea.** By M. F. Maury, LL.D., Uant. 0.6. Vary. 1655. 
IntroductioQ, p, vi. ^ 



QMMiX CatOM CUUKOU is 

<0 tint is 1i>e ABO m gitm jkO s a, A. = M* Ifi' nd B s <7* av, to ftii 

BO as follows 

As sis B, A7‘^Ant}i.CoQp. . <0344 

a ,sm 4, 48"^ .... 9 » 1 M 
: : A0 = 4° . . . <9031 • 

* -I 

CB= 7*2 .• / , . *$673 

Consequently, the distance of iIm Eddyttoite inm lait ^Sm of oibsemiUA to 
7*2 mOes; and, o« tlu come ^ JBd^otoBO lo KJC«S., fte ooms tbolSddy- 
•tone to tiio ftkoe of tiie Mf mot be 8 .S.W 0 , the Dpfotilte point. 

Am the trin^le BCA, in tJtif oxaoiple, happens to be Iwsoodoo, ikM at A «»€ 
0 being eqmoi, a perpendkuler upon AC ^em B will bioeot AC, fl<f that we ^lall have 
CBs:4feed|6Md's;4-;-cos^*13'; • 

that ^ €B s= 4 -f- *436 r= 7*2, as in the margin. And «oo ^ If' » *1 AH 0*® 
this is an easier way of finding the distanoo than that 

exhibited above ; but when, as is nsnal, lha tslangle is 11 

scalene, the operation by logarithms, as In the apachnea 11 

aWe, is to he pretdmd. 

2. fiaSing down the Channel the Eddystone bore E.W. i E., and aHar xwanlg^ 

W.S.W. 1 $ miles, it bore N. 6 E. : required the eonsie sflA dkCam firan the Ed{^- 
•tone to both stations. * 

Ana. Course fi.E. f 6 ., distaaee 21*2 miles fmi finit sMkm. Course S. f W., 
distanee 25 miles from second. 

3. Coasting along shore, a headland bore K.E. 6 K. ; then having run If saiks 

£. i K., the headland bore W.K,W . ; reqtdred the distance from the b e a d l and at ead^ 
tinie of obaarratioiL Ans. First distance fii miles; aeecmd 10*8 mSka. 

4. Tww shipa aail at the same time from one post ; one smb E. 8 .E., and the other 
S. 6 .E. : xequuwd their beaHng and distance when esMih has ran $7i miles. 

Bearing frhm first ddp E. 45*^ S. ; distmce 26*7 miles. 

Usent Cliwtw lattInfi-dWioilanIng wf Pinsafinwr—The great object of the 
narigator is to reach the port he intends to make by the ahosteat route. Ihe path 
described by a ship, sailing on what is called a direct coarse from one place to another, 
is not the ikorUH path, unless the ship sail either en the equator mr on a meridian. 
The oblique spiral track, or rhumb-line, of a ship, aailiag in any other direction, 
exceeds the arc of the great circle joining the two places by an aounint that becomes 
more and more considerable as the distancl increases. The shortest distanoe between 
any two points on the globe is the arc of the great circle between them; for the 
curvature of this arc is loss than that of any other line drawn cm the jurfaoc, fyoA 
point to point, and therefore approaches more nearly to a straight line. 

If, therefore, a ship could sail accurately on the arc of a great drele, voyage 
might, in gcnonl, be omiaiderably shortened. But a grast circle cuts all the meii- 
dians k crosses in difierent angles, so that to keep on such i^circle the course mml be 
continually Tsrying. The pramkal ImpossibOxiy' of changing the eonrse instant 
renders Great Circle Sailing — strictly speaking — a mattfij of mere thcorstieal ^eou* 
Istion. *Much advantage, however, has bee% fiund to arise from dividing the great 
circle path, from one place to another, into short portions, or stages, and to mndi these 
in succession by the ordinary melhods of ssiliiig. A ship m a kin g these several stagesf 
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though never actually moving cm the great circle, always heeps so closely in its neigh- 
bourhood as to be a condderable gainer, in point of time, in a long voyage. 

Mr. Towson, of Devonport, has been at the pfij-s of constructing tables, by which 
the proper successive courses necessary to cause the entire track of the ^ip to approxi- 
mate* as closely as conveniently practicable to the great c^irde path, may be found ; 
they are published by the Admiralty, unde^ the title of ** Tables to facilitate the 
practice of Great Girde Sailing/" "Wo can 4o no more than allude to thorn here, and 
recommend them to the notice of the practical seaman. 

But, without the aid of tables, a twelve or eighteen-inch globe would he of service 
in suggesting how to shape the different courses ; a line stretched from one point to 
another, on audh a globe, would show the great circle track between them. If a brass 
cbcular rim, two oi three inches in diam/)ter, made to lie close to the surfsco of the 
globe, were divided, like a compos^card, and if a tubulai' box inclosing a reel, with a 
yard of thread, were to rise from its centre, this centre might bo applied to any proposed 
spot ; and, by means of the thread, pulled out under the disc, each successive course 
could be ascertained : the only cai*e being, that the north and south line of the disc — 
which should be marked on the only znctallio diameter it need to have — he made to 
coincide with the meridian of the place under the centre of the instrument : we offer 
this suggestion as one that might, perhaps, be turned to practical account in long 
voyages. But, to give perfection to the problem of shortening passages, the Sailing 
Directions,"’ and “ The Wind and Current Charts,” by Lieutenant Maury, are of the 
greatest use. The winds blow and the currents run in aU parts of the ocean. “ These 
control the mariner in hia course ; and to know how to steer his ship on this or that 
voyage, so as always to make the most of them, is the perfection of navigation. 
When one looks seaward from the shore, and sees a ship disappear in the horizon as 
she gains the oding, on a voyage to India, or the antipodes perhaps, the common 
idea is that she is bound over a trackless waste, and the chances of another ship, sailing 
with the same destination the next day, or the next week, coming up and speaking 
with her on the ^ pathless ocean," would, to most’ minds, slender indeed. Yet the 
truth is, the winds and the currents arc now becoming to be so well understood, thot 
the navigator, like the backwoodsman in the wilderness, is enabled literally ‘ to blaze 
his way " across the ocean — ^not, indeed, upon trees, but upon the wings of the wind. 
The results of scientific inquiry have so taught liim how to use these invisible couriers, 
that they, with the calm belts of the air, serve as sign-boards to indicate to him the 
turnings, and forks, and crossings by the way. ’* 

We here terminate our exposition of the Principles of Navigation, in so far os 
these are independent of astronomical obs^vations. What has hitherto been taught 

learner will remember concerns only what is called the dead reckoning, which is 
generally affected with errors, more or less, on account of the practical difficulty of 
measuring course and distance with strict precision, as well os on account of disturbing 
causes, either operating unseen, or, where observed, but imperfectly estimated. It is 
the business of Nautical Astronomy to rectify these unavoidable defects, to adjust the 
place of the ship, from tknc to time, to its true position, ond thus to enable the 
mariner to take, as it were, a new departure, and start afresh upon each sucsessive 
stage of his journey. < 

As on introduction to this important triinch of our subject, wo shall noV give an 
article on the rotation of the earth, agreeably to our promise at page 33. 

• Maory’s *fPhysical Geography of the Sea,*' page 262 
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EntPoAvLOtloiu — 0& ili6 SSutli.— The ooxnmoxi ax|[iiixietits 

ia support of tho doctrine that the eaiih has a diurnal rotation about one of its 
diameters give to that doctrine a degree of probability, so nearly approaching to 
absolute certainty, that the mind readily acquiesces in the reality of the phenomenon. 
Since the time of Copernicus, the evidence for the earth’s rotation has been cmitinually 
increasing; but still this evidence ia not of that direct and positive kind that is 
necessary to give 4o it the character of demonstration. All thd ottmt hi^erto^dis* 
covered planets of our sj^stem revolve on th^r a^s, and, as might *be expected as a 
consequence of this revolution, those of them upon which the examination con be made 
are seen to be flattened at their polos. It is probable, therefore, that the planet we 
inhabit aUo revolves on an axis ; if so, it too may ^ expected to be flattened at its 
poles. Whether or not this is the case can be actually ascertained by experhnents : 
these have been undertaken and repeated again and again with the greatest care, and 
by independent and widely different means : the results all ^ow that the earth u 
flattened at the poles. There is thus a very high degree of probahility that the eqjrth 
rotate s, and this is further increased by the fact that all the phenomena of the he&vcns 
arc completely consistent with the hypothesis of such a rotation, that it is, moreover, 
the simplest hypothesis upon which the celestial appearances can be explained, and 
that to attempt to account for them on any other hypothesis involves the system of 
the universe in such intricacy and extreme complication that, judging from all the 
other operations of nature, wo cannot bring ourselves to suppose that such complex 
machinery should really be the “ handiwork” of an alh*wiBe Creator when means so 
immeasurably simpler presented themselves of bringings about the same ends. It can 
scarcely be charged to the Kiifg AlphOnso asn sentiment of impiety when he exclaimed, 
in reference to the confused ostrononucal gystems of the ancients, “ If I had been 
the Almighty’s counsellor when he framed the universe I would have advised him 
bettor.” 

But, notwithstanding all this, a sensible or experimental proof that the earth 
rotates was still wanting: its general flgure, as already declared (pnge 33), can 
be experimentally discovered : its superfleial rotundity can be seeti. It is very 
desirable that we should have the same ocular evidence of its rotation. A pro- 
found writer on Physical Astronomy haS observed, that *^We most, however, bo 
content, at present, to take for granted tbo truth of the hypothesis of the earth’^ 
rotation. If it continues to explain simply and satisfactorily other astronomical phe- 
nomena than those already noted, the probability of its being a true hypothesis will 
go on increasing. 

We ahall never indeed arrive at a term when we shall be able to pronouBoe 
it absolutely proved to bo true. The nature of the subj^t excludes such a porai- 
bility.” 

Thjij prediction of Professor Woodhouse has been falsified : wc can now obtain 
sensiUo ^donoe of the rotation of the earth# • 
iThe idea of proving this interesting phenomenon to the senses occurred « few years 
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ago to Mt Feucault of Paria : it was suggested to him by accidentally observing the 
motion of a weight auapended by a string to a higlFceiling, and which, by chance, hod 
been set vibrating. Most of our readers must rei^ember the sensation produced in the 
scientific world, in the spring of 1851^ by the rem^kable Pendulum Experiment of 
Faucault. We here propose to submit to them, without going into any minute 
mathematical details, what appears to us to be a conclusive (ind satisfactory explanation 
of the manner in whidt this experiment renders the rotation of the earth a matter of 
personal obseiratioit ; but as we write chiefiy for the young, and for those who may 
be suppoeed to be but Httle habituated to scientific research, we shdl previously offer 
to their atteiitkai a few general remarks in reference to what may be called the two 
great pestolfltes of astronomy r these arc the rotation of the earth, and the hypothesis 
of gravitatioft. 

We speak of ^vitation; as a physicd hypotHesis : it is not, life a proposition in 
Geometry, a necessary truth ; nor ii it am observed fact reeogpixahle by our senses. 
Certain phenomena in nature are observed : they exhibit a regularity of succession, and 
a mutual dependence, that suggest the idea of a connecting principle and a goveniing 
law. The phenomena are teen, their proximate cause is inferred. The philosopher 
looks abroad upon nature, and carefully studies the facts she presents to him, the order 
of their recurrence, and the measure of their intensities : he retires to his closet, and 
endeavours to frame a law of which the appearances he has been studying shall he the 
outward expression — ^the practical manifestation. This is an hyjmthem. An hypothesis, 
thereSore, need not he more than coextensive with the phenomena actually observed ; 
hut it is a strong confirmation of the soundness of an hypothesis when it is found that 
new and unexpected phenomena are equally comprehended in it, and a stronger con- 
firmation still when such phenomena can actually be predicted. The two fundamental 
hypotheses of Astronomy — the rotation of the earth, and the law of graritation — ^have 
this character in the highest degree ; every new discovery in the science has cmly the 
more firmly established the truth of both. 

The learner will perceive that wc could not, with any propriety, speak in this way 
of the truths of geometry: they arc quite in<h;pen(fijnt of the confirmations of experience, 
and hence the marked difference betwcenjfihysical and geometrical Rcicncc. When Dr. 
Halley had predicted the return of the comet of 1682 in 1759, and Clairaut had computed, 
from the hypothesis of gravitation, the time when it ought to appear, its return was 
watched for by astronomers with the greatest interest — not from any anxiety to see the 
comet, hut to learn how the hypothesis of gravitation would stand so severe a test; 
and the reappearance of the same comet in 183o was anticipated with like interest, 
solely in reference to the planetary attritions— that is, to the general theory of 
gravitation. 

» “ The rude supposition of the uniform revolution of the moon in a circle about the 

earth as a centre, led Ne^vton at once to the true law of gravity, as efxtending from the 
earth to its companion. The uniform circular motions of the planets about the sun in 
times following the progression assigned by observation in Kepler’s rule, confirmed the 
law, and extended its inftucnce to the boundaries of our system. Every thing more 
refined than this, — ^thc efiiptic motions of the planets and satellites — their mutual 
perturbations — the slow changes of their orbits and motions, denominated secular 
variations — ^the deviation of their figures from the spherical form — the oso’.Ilatory 
motions of their axes, which produce nutation and precession of the equinoxes— the 
theory of the tides, both of the ocean and the atmosphere,— have all in succession born 
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flo tamj triali for Hfr imd deatli in wlik& this bew hw been, a» it trere, ]pttted rgaiiuit 
naiture: trials wlmse eveiit ^ linman feverigM ecmld predict, vbd irhera it Vas 
impoMible efv€ft& ta conjecture irbat medtftealknis It be found to need* tl 

this moment, if among the innumerable inequalities of tho lunar or planetaiy motions 
any one, however small, iQiould be discovered decidedly not explicable on ibe hypothesis 
of a force varying os the inverse square of the distance, that hypothesis mutt be modified 
till it accounts for it”* • 

From these statements the student will peroeive that one of the two fandaatetttsl 
hypotheses of astronomy-^-the hypothesis of gravitation — is not irreftugably estabiUbed 
like a pfropositien in Euclid ; nor is it a truth set at rest, once and for ever, by obser- 
vation and experiment. Indeed, no physical truth can be regarded as thus unalterably 
fixed, like a mmaar^ truth of geometry. The laws of nature chimge \ the sup- 
position of such r change would involve no snob absurdity as that which would be 
implied in the suppoaitien that the three angled of a^triangle could ever exceod or fall 
short of two right angles. This truth would remain undisturbed, however the pro- 
perties of matter might be modified, and even though matter wore to be altogether 
annihilated. It is obvious that we reckon upon the continuanee of the properties of 
matter, and the return of natural phenomena, only to the extent to which we reckon 
upon the permanence of the existing natural laws. And Laphioa hhs calcfulatad the 
probability that the son will not rise to-morrow. 

But assuming tho unchangcableness of nature's laws, we are authorised in regaudmg 
certain of its phenomena as unalterable truths. For instance, if the planet we inhabit 
is clearly ascertained now to be a* round body, we conclude that it wiH remain round 
as long as it lasts. If it is as clearly seen to rotate, we conclude, in like manner, that I 
it will always rotate ; its rotation ceases then to he an hypothesis — it becomes an 
observed fact, tho evidence for the truth of which is not increased by the confirmations 
of future experience, nor by its satisfactorily accounting whatever phenomena may 
be referred to such rotation. It is a matter of some imporiliice, therefore, that the 
rotation of the earth is taken ^ut of the category of hypotheses, and classed among 
observed physical truths, as we now proceed to show. 

Faucanlt's Pendulum Experiment. — Let tho reader conceive before bim a 
circular table upon which, passing through its i*entrt\ the meridian line is drawn. If 
the earth have no rotation about an axis, this line can never change its direction ; if it 
do rotate, the direction must continually vary, except the plac^' of observation be at 
the equator: this will readily appear from the following considerations. 

Let our horizontal meridian line be in()efinitely extended ; we shall thus have on 
‘ indefinite straight line, in the plane of the terrestrial meridian, and touching tlio 
j surface of the earth, the point of contact being the centre of the table wo may, of 
I course, regard the table-top as lying horizontally on the ground. 

For any place of observation between the equator and the pole, it is oLrious tbati 
if the eartli turn round its axis, this tangent line wiU, in one complete rotation, 
(.lescribe a conical surface enveloping tho globe ; and, as |he vertex of the cone is 
necessarily at a finite distance, the line which generates its •urtacc— thus always 
pointing to a fixed detenninato point (tho vertex) — must continually change its 
directum, ^which, however, it cannot do if th^earth be attest. 

But if the place of observation be at the eqiiator, what, in the case just considered, 

* Physical Astronomy, in the EncyclopwdU Metropotitana, bjbSir J. F. W. Herschel, p. 64S; 
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is a mmea^ surface, would evidently be a eylindrical surfiaoe ; the stnugbt line gene- 
rating it would thus always be parallel to itself, and, therefore, though the earth should 
really rotate, there would be no more change of (Ureotion in the meridian line than if 
it were at rest, ^ 

If, however, the centre of the table were directly over the polo, then, taking any 
diameter of the table for a meridian lino, the chan^ in its direction— if the earth 
rotate — ^would clearly be more rapid and m8rc considerable ; it would pass through a 
revolution of 360** for every complete rotation, and the surface described by the line 
would be a plane surface. 

It is thus easy to see what must necessarily happen, as to the direction of the hori- 
sontil meridian, if the earth has any rotation about its axis. At the equator, the 
direction would remain undisturbed, and the line would generate a cylindrical surface ; 
at a small distance from the equator, t!Lc cylinder would become a cone, and the 
directiov. of the line would rcgula^y, bitt only slightly, change. At a greater distance 
from the equator the cone would difTor more palpably from the cylinder, and the 
angular deviation of the line — always directed to the vertex of the cone — would be 
more considerable. As the place of observation approaches tho'polc, the cone would, as 
it were, widen out more and more, the deviation of the line would become greater and 
greater, in a given time, till at length when the pole is reached, the cone would spread 
into a plane, and the change of direction would be the greatest passible. 

• !J!ho reader will find it of much assistance, towards cleaidy apprehending what is to 
follow, if he keep constantly before his mind this idea of the enveloping cones. Every 
parallel of latitude is to be regarded as the circle of contact of a cone, the apex of 
which becomes less and less remote as the parallel approaches the pole ; wc shall call 
the cone adapted to any particular parallel the cone of latitide of that parallel, a 
designation which is sufficiently significant. The extreme cases of the cone of latitude 
are the cylinder and the plane — ^the former belongs to the equator, the latter to the 
pole ; the angle of the former is 0, that of the latter 180°. The straight lino from a 
point of contact to the vertex of the cone, is th^ horizontal meridian of that point of 
contact. The imaginary cone, of course, rotates with the earth, if the latter rotates, 
but not else ; and the axis of the cai th is, when prolonged, also the axis of the cone, — 
all this is obvious. 

Let now P bo the centre of the circular top of the table, PP half its meridional 
^ 1 * ^ oiameter, NS the axis of the earth, prolonged 

^ CO meet the vertex of the cone of latitude in 
j \ N. The angle N will be equal to the latitude 

\ j \ ^ of the point of contact P ; because, if a line 

\ PC be drawn from P to the centre of the 

' earth, the angle PCN will evidently bo the 

^ complement of the latitude; ponsequontly, 

since KPC is a right angle, the angle N is the latitude. 

Over the point P, let now the bob of a pendulum freely hang — the longer the 
wire or cord by which it is susi>ended the better — but it must bo so attached to the 
support above as to be equally free to vibrate in any direction. Let the pendulum bo 
m^e to vibrate in the direction of the meridian line NP ; and, if the earth rotates, 
let us try to antidj^te the phenomena that will be presented to us* «» 

The point P immediately under the oob, when at rest, must rotate nlomr than tho 
points in the meridian line remote from tho apex of the cone ; so that, as the 
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bob sweeps over tbes^ points, they must keep proceeding in Of it, thftt is, 

towards *the east, if P be in nor& latitude, a} here supposed. The rate of rotation 
of the bob round the Oone must bd the same whether it oscillate or Hot ; because the 
fact of its oscillating caimot interfere with toy motion of revolution round the cone it 
may have had when hanging fredy. We aee^erefore, that the path of the pendulum, 
that is, its line of vibrationf must appear to gradually receding from the mepdiam 
line PP towards the westj making with an angle of deviation, which increases at 
every oscillation. 

Actual experiment fully jostides these anticipations the deviation of the track of 
the bob is seen to be in complete accordance with them ; and although, in the follow- 
ing mathematical investigation of the exact amount of deviation in a given latitude 
and in a given time, allowance must be mad^for mechanical imperfectious, and for the 
accidental impulse to the right or left communicated to the bob by the hand in giting 
the initial impulse, and %hich will give rise to what is called an apsidal motion, yet, 
with only very ordinary care, the natural tendency of the pendulum sufficiently over- 
rules these hindrances to render the deviation of its path towards the west always 
palpable, and always accumulative.* The rotation of the earth from west to east is the 
only way of accounting for this apparent deviation of the path of the bob ; what we 
really see is the motion of tbe line PP', receding from the track of tfie bob with an 
angular movement about tbe centre P, towards the east. If tbe pendulum can bo kept 
swinging sufficiently long, it is plain that, as the angular deviation is always accumu- 
lative, a time will come when it shall have described a complete revolution, or 360® ; 
or, to speak more accurately, when the radius PF of the table shall have revolved 
comi)letcly round. Let us seek to determine this lime. 

Time in which the Meridian Line completes a Rewelntion* — As the 

absolute direction of the oscillations remains invariable, it follows that, when the cone j 
of latitude has turned through any angle, the original horizontal line must have turned ; 
through an equal angle ; so tha^ when^the cone has made a complete revolution, tixe j 
deviation of the, path of the bob, from the horizontal line, amounts to an angle equal 
to the plane angle given by developing the conical angle, f This, it is obvious, can 
never amount to so much as 3G0\ or a complete revolution of the table, except when 
the bob is suspended over one of the poles of the earth, the conic surface then becoming 
aplaney tangential to the sphere at the polo. Proceeding from this extreme limit 
towards ii\e equator, the angle of the cone becomes less and less, till, on reaching the 
equator, it vanishes altogether, as before remarked : the cone then becomes a cylinder, 
and no deviation can toko place. • 

* In the experiment as performed at the Koyal Institution of Great Britain, the impulse was not 
Riven by the hand ; the bob was drawn out of the vertical by a silken thread, the end of which was * 
fastened* to a i>cr in the floor : a flame was then applied to the thread^ and the ball set free. The 
author of this treatise first witnessed the exi>eriment at the house of a scientific friend, W. H. 
Bpiller, Esq., of llighgate; in the different repetitions of it, the suspending wire, nearly twenty feet 
ill length, was of different metal, and the band was employed to let the bob go ; the deriation was 
quite palpable in eight minutes. ^ 

1 The proper distinction must of course be observed by the reader between the angle of the cone 
and the conical angle. The angle of the cone is the plane angle of the isosceles triangle, which the 
section of^e cone through iti axis presents ; the conical angle is thcsangle at the vertex, fmrmed by 
the surfi.ee of the cone: if this surface be out along We straight line which may bcconoelved to 
generate It, and then the surface developed or unfolded intoaiiKine, the conical angle W'Jjd become 
an equivatent plane angle. • 
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It filUB uppears that the angle cl doTiatiozi in any timet at any plicet ia % plane 
imgle exactly e<|iial to the developiftmit of the coxteapo&ding conical angle, tuamd 
through in that time by the rotation of the cume of latitude. It remaina to be aacer- 
tained what part thia angle of deviation is of a complete revolution, or 360^. In other 
wo^ wc have to aacertain what part of 360* the developed ang^e at the apex of the 
cone of latitude amounta to. c 

Conceive an upright cone, unconnected with the globe, and from ita apex let any 
two straight lines be drawn along the slant side, intercepting an arc of the base ; thia 
arc will moaauxe a certain angle at the centre of the base. Measure from the apex 
along either of the two lines drawn from it, a length equal to the radius of the base, 
and describe with this length, as radius, a circular arc, limited by the two straight 
lines on the cone ^ this arc will evidently measure the conic angle ; it will therefore be 
to the cQnea^dmg arc of the base, as*tho angle at the apex to the correaponduig 
angle qt the centre of the base ;* but the developed arcs are also to one another as 
thmr distances ih)m the apex : for these distances are their radii. Hence the conic 
angle is to theXcorresponding plane angle— or angle of deviation on the horisontal 
plane— as the radius of the base of the cone to the length of the slant aide ; that is, as 
the sine of half the plane angle of the cone to unity. Consequently, the whole conic 
angle is to 360° as the sine of half the plane angle of the cone— .that is, as the sine of 
the latitude is to unity. Hence, from what is shown above, the angle of deviation (x) 
of the path of the bob, in one entire revolution of the earth, is to 360*^ as the sine of the 
latitude is to unity. The time of this revolution is 24 hours ; consequently, 24 hours 
divided by the sine of the latitude is the time in which the path of the pendulum 
makes a complete revolution in that latitude. Thus, assuming the deviation to bo 360', 
we have 

360 ^ 

3G0 = r sin lat., /. r = , in degrees, 

sin lat. ^ 


24 hours 
sin lat ’ 


m time. 


And all the more carefully conducted experiments justify this result, within those 
limits of difierence that may reasonably be attributed to the disturbing causes adverted 
to above. 

We have further obtained, from a few simple considerations, the fbUowing interest- 
ing proposition, nmnely : — 

The length of the arc of the rim of the table, subtending the angle of deviation at 
its centre, which a pendulum oscillnting over it makes during one rotation of the earth, 
is exactly equal to the difference betwet n the parallel of latitude described by that 
centre, and the parallel described by the extremity F of the meridional diameter of the 
* tab l e - 

Braw Fc, Fc’ perpendiculars upon the axis of the earth (last diagram) and PD 
patall^ to the axis KS. It has been proved above that the angle of deviation in one 
revolution of the earth is 


Pv 

‘ 360* sin N z= 360*^^ = 360* 


FD 

■pp 


This ang^e, multiplied ky the radius PF of the table, and by 3*1416, a^d the pro- 
duct divided by ISO^, is the arc of th/ rim of the table subtending it ; that is, the 
measure 'of this arc is 2FB X 3*1416. But twice FD is the difference between the 




FHEHOXEKOK OF ^FALLIHO BOOIS9 EXPZ«AXN£D. %B 

dianetefti of llio two pmUols 4o0Ofibed hf F and F'* Honda tha iffc that ineaaiaraa 
the angle of Aviation in one revolution of t^e earth is equal to the difierenoe between 
the two eironmfiBrenees described by^and F. And the arc of devia tio n, due to any 
portion of a complete revolution of the earth, is equal to the differenee between ^ 
tw-o portions of parallels dMCsibed by F and F. # 

The same conclusion msydM obtained hv aid of oonsidarations stUl more simide. 
It is plain tiiat the difference between tlm dreumferenoes of any two equidiatant 
circles (m the aurfaee of a cone is always the same ; hence, if a circle be described 
about the apex, with a radius equal to PF, the circumference of it will be equal to the 
difforenoe between the two circumibrenoes deaezihed by P and F. But this 
circumference, when the oone is developed, is the arc of deviation, m the table, due to 
a complete revolution of the earth : hence, arc must be equal to the difference 
between the two paiuUals described by P and F in a complete revolution. 

* It thus appears, not Bnly that the pendulum experiment affords ocular demon- 
stration of the rotation of the earth, but that it moreover exhibits to us the actual 
velocity, in linear measure, with which the point F proceeds in advssiee of P. It is 
the velocity with which the arc of deviation increases. 

If the length of this arc, described in any interval of time, be measured, we may 
readily deduce the arc that would be described in a complete revolptioit of the earth. 
If the length of this arc be taken for the circumference of an entire circle, the diameter 
of that circle may be inferred ; this diameter, applied as a chord to the circle 
deviation, will subtend an arc of it, the degrees and minutes of which will be double 
the latitude of the place. And thiii we may conceive it possible that a person, con- 
veyed to a dungeon in some unknown part of the world, with a piece of string and a 
weight at band, might form an estimate of the latitude of his position. 

ApplicttUoa to an VnexpUisiad nwaomeiuia In. FalUag B ott— 

The idea of the cone of latitude will subserve the pnipose of accounting for a circum- 
stance in the late H. Oersted's ^erin^nts on tolling bodies, hitherto, we believe, 
involved in some obscurity. The following quotation is from the Litmay GwuiU 
March 22, 1851 :-«.**,Ono of the most important observations first made by Oersted, and 
since then confirmed by others, was, that a body falling from a height, not only fell a 
little to the east of the true perpendicidar^ — which is, no doubt, due to the earth's 
inotiou^but that it fell to the aouth of that lino : the cause of this is at present 
unexplainotl. It is no doubt connected with some great phenomenon of gravitation 
which yet remains to bo diseovered." 

The explanation of this phenomenon is veip easy. Suppose a heavy body to be let 
fall from a point at a considerable height vertically over P ; when it is let go, the 
body will have a progressive velocity towards the east greater than the velocity of P 
at the foot of the vortical ; and this velocity it will preserve throughout its descent, 
M"hich, from the nature of gravity, must be in a vertical plane through PC, 0 being 
the centre of the earth. Now the point P, at the foot of the vortical line, rew^ from 
thi.s plane, towards the north, during the descent of the body :^it always keeps in the 
piano through Pr, and perpendicular to the axis of the earth, and describes a circle 
whoso radius is cP on the oone of latitude. The body, therefore, must necessarily toll ^ 
towards of P, as well os towards tl^east If ttie experiment bo made in 

Kouth latitude, the deviation will, of course, be north instead of south. ^ 

It is plain that in Oersted's experiment the falling body, by the rotation of the 
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earth, and, therefore, by its own more rapid easterly motion, had advanced more 
towards the east, when it reached the ground, than ^e point P at the foot of the 
vertical, but it had not advanced at all towliyls the south ; it was the foot of the 
vertical— the point P— that had receded towards the north. 

^ These experiments prove in the most satisfactory manner that the earth really 
rotates on its axis : we are made sensible of this rotatioli in other ways also. “ It is 
well known to engineers that when railway carriages are going north their tendency 
is to run off the rails on the east side ; but when tho train is going south, their ten- 
dency is to run off on the west side of tho track ; that is, always on the right hand.'** 
In the former case, the train, at starting, is moving eastward with a velocity greater 
than that with which any more northerly point of the track moves ; and in tho latter 
case, it is moving more slowly towards^ the east than any more southerly point of the 
track, and hence the uniform tendency to escape the conhnement of tho rails towards 
the right. * * * • 

SjLplanation of Terms in Nautical Astronomy.— What arc called the 
heavenly bodies appear to an observer on tbe earth to occupy a surrounding spherical 
concavity, at the centre of -which our planet is placed : the phenomena of their rising 
and setting arc appearances which necessarily present ihomselves in consequence of the 
rotation of tbe earth about its axis. This apparent concavity is called the celestial 
*BBhere, and the imagination traces upon it a variety of circles analogous to those con- 
ceived to be traced on the terrestrial globe. 

To assume, however, that what we call the starry heavens is really a concave sphere, 
whose centre coincides w'ith that of the earth ; and, therefore, that all the celestial 
bodies situated in it are at equal distances from that centre, would be to oppose what is 
well known to be truth ; but tbe pai’t of Astronomy with which we aie at present 
concerned is occupied mainly with appearances, not with realities ; or, wo should 
rather say, it is chiefly occupied with the consideration of those astronomical phenomena 
which are independent ofgactual distances, anj which would equally present themselves 
were these distances other than what they are, or all, as they appear to be, tho some. 

The learner will readily perceive how this assumption of a surrounding celestial 
sphere is perfectly consistent with correct deductions in certain departments of astro- 
nomy — all those departments, for instance, ^hich regard only the angular distances of 
the stars from one another, or from the imaginary circles before alluded to. The 
angular distance of two objects — whether on the earth or in the heavens — is the angle 
formed at the eye of tho observer by lines drawn to it from the objects observed. If 
one or both of these objects move nearoi to the eye, along the line of vision, or recede 
further from it, it is plain that the angular distance of the two must remain the same ; — 
the objects cannot in this way increase or diminish their angular sepaiution. The 
observer therefore may, if ho please, consider the linear distances of the two objects 
from his eye to be the same. 

Nauticfil Astronomy has a good deal to do with observations of this kind — ^tbat is, 
with the measurement of angular distances, and but very little with linear distances. It 
would have nothing to with linear distances if tho earth were really a point, or if 
observations were all carried on at the centre instead of on the surface ; but, as it is, 
the Bcmidiameter of tho dhrth is a lingar measure of which cognizance iquA le taken, 
simply because appoaranc&o^xri reference to the sun and moon, but not in reference to 
• Maurf’s ** Physical Geography of the Sea,” page 89. 
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the stare — are different at the surface from what they would be at the centre* The 
angular distances are not exactly the same from the two points of observation. 

What is here said of distances apn^s i^ually to magnitudes. The linear diameters 
of the sun and moon are not matters of concernment in Nautical Astronomy, only their 
apparent diameters, the Siameters (taken in angular measure) they would appear to 
have to an observer at the centre of the earth. 

All observations made upon these two ifodies, for the purpose of determining the 
latitude and longitude at sea, are reduced to what they would ^ if the place of observa* 
tion were the centre of the earth. As to the stars, it is found that observations on them, 
though made at the surface, would require no modification if made at the centre — the 
radius of tho earth being a mere point in comparison to the immense distance of the 
stars. We shall now define the principal circles of the celestial spheii^ , 

jixis . — The a.vis of the heavens is the diameter of tlie celestial sphere, about which 
the apparent diurnal rotation of the celestial sphere fhkes place, and which, as we have 
seen, is due to the real rotation of the earth. The axis of the heavens is,, therefore, 
only the axis of the earth prolonged ; and the extremities of this axuK>of course the 
tmaffinary extremities^are the poles of the heavens. 

£quinoeiial. — The celestial great circle, to the plane of wbicdi the axis of tho heavens 
is perpendicular, is called the equinoctial^ or the celestial equator. It is {raced out merely 
by extending the piano of the terrestrial equator to the heavens. ^ 

Meridiam. — The celestial meridians ai^ in like manner marked out by extending^tlls 
planes of the tciTcstrial meridians *, or they arc semicircles terminating in the poles of 
tho heavens, and peipondiculor to the equinoctial. 

Zenith^ AWir.— The zenith is that point in the heavens which is directly over the 
head of the spectator ; or, if a straight line bo drawn from the centre of the earth to 
any s]>ot on its siirface, and then prolonged to the heavens, the point on the celestial 
sphere which it would mark out is tho z&nth of that spot. The same line continued in 
the contrary direction would murk a point in the celestial sphere oidlcd the nadir. These 
two i>oints, therefore, in rcfereqcc to apy place on the earth, are at the extremities of 
that diameter of the celestial sphere which is pex-pendicular to the plane of the horizon 
of that place that is, they arc the pol^ of the horizon. 

Vertical Cirtffci.— Vertical circles of any place are those which pass through the 
zenith and nadir of that place ; they arc all perpendicular to the horizon of the place. 
They arc hence also caUed circles of altitude. 

The altitude of a celestial body is its distance above the hoiizon measured on the 
vertical circle passing through tlie body. Tho complement of the altitude is the 
zenith dittance. In the cose of the sun anch moon, the true altitude Is measured from 
the rational horizon, and is a little greater than the altitude measured from the sensible 
horizon. In the case of the stars, as observed at page 35, the difference in altitude is* 
insensible, whichever horizon he referred to. 

The most important of all the vertical circles of any place is the meridian. When 
a celestial object is on the meridian, its altitude is the greatest which that object can 
l>ossibly have ; it is called the meridian-altitude of the object^ 

The vertical circle vrhich cuts the meridian at right angles, and which therefore 
passes through the east and west points of the horizon, is distinguished next to the 
mcridiaif. ,It is called the frime vertical jlHien a cellstial object amyes at the 
prime vertical, it is either due cast or due west. ^ 

Azimuth The azimuth of a celestial object is tho arc.of the horizon comprehended 
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bet?reeii the xaeridian of the obsemr and the yerdoal circle passing through the object. 
The are of the horiaon here spoken of is, of course, the measure of the angle at the 
Beslth between the meridian and the yertioal through the object. Vortical ciroles are 
aometimes colled azimuth circles. 

Amplitude is also an arc of the horizon. *It is the aro comprised 
between the east point of the horizon and the point whefe tha body rises, or between 
the west point and where it sets ; the former arc is called the rising amplitude of the 
body, and the ktter its setting amplitude. Azimuth is measured cither from the north 
or south points of the horizon ; amplitude either from the east or west. When wo 
speak of the azimuth of a body, we refer merely to the azimuth of the yertical on 
t^ch the body is, whatever its altitude on that vortical may be ; when we speak of 
its amplitadc, we*Tefer exclusively to its position with respect to the cast or wxst point 
of the horizon at rising or setting. 

IketifuUion. — The declination of a celestial object is it,s distance from the equinoctial^ 
measured on the celestial meridian passing through it, and is either north or south. 
What is latitude as respects a point on the earth, is declination in reference to a point 
in the heavens. Celestial meridians are thus sometimes called circles of declination, 
and what are parallels of latitude on the earth become paralicia of declination on tlie 
celestial sphere. 

Thomstance of an object from the elevated polo is the polar distance of it- It is 
tfle^mplement of the declination when the elevated polo and the object are both on 
the same side of the equinoctial ; but when they arc on contrary sides the polar 
distance is the declination plus DO"*. The elevation of the pole above the rational 
horizon of any place is always equal to the latitude of that place, for tlm latitude is 
equal to the distance of the zenith of the place from the equinoc‘.tial , the di^^tanoe 
between the zenith and the elevated pole is, therefore, the complement of the latiludc, 
and it is equally the complement of the elevation of the pole above the rational horizon : 
this elevation, therefore, is equal to the latitude of the place. Consequently the deprcp- 
rion of the equator below tho horizon, or its elevation above the horizon, in the opposite 
quarter, is the complement of the latitude, or, which is the sauke thing, the latitude i.s 
the measure of the angle which the horizon malces with tho equator. 

The celestial circles now defined have especial reference to the earth. The meridian 
and the equinoctial are merely extensions to the heavens of corresponding circles on 
the earth ; and the vertical circles or perpendiculars to the horizon are imagined for 
the puipose of recording altitudes above the horizon, measured on the earth. But 
there are some circles peculiar to the celestial sphere ; the principal of these are the 
ecHpUCf or the circle of ceXostial longitude and the perpendiculars to it— the circles of 
cdbstial latitude. 

' The ecliptic is the great circle described on the celestial si»hero by 

the sun in its apparent annual motion about the earth : in reality, it is the path of the 
earth about the sun in the contrary direction ; but, as already remarked, we are in 
this subject only eoncemed with the appearances. The ecliptic crosses the equinoctial 
at an angle subject to continuous but very small variation, determinable by observation. 
It is always given with the utmost attainable accuracy in the ** Kautical Almanac/’ 
The obliquity at ^sent is about 23*^ 27'^. 

The two points where tfie ecliptic crosses the equinoctial are called the equinoctial 
points. The sun in its apparent annual course passes through these points about the 
2Ist of March and the 2Sd of September ; the former being the time of the vernal 
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equinox and the latter of the autumnal equinox : these names being giTsn becaTise tite 
night is then equal to the day at all places where the sun rises and seta. This is 
obTious, because any point in the eqniaootial, by the diurnal rotation of the earth-or 
the apparent rotation of the heayene^is just as long below the horison of any place as 
it is above it. * ^ 

Cdettial Ungitit4e,--i:hQmciTG\Q on which the longitude of any heavenly bo^ia 
measured is the eoHptic, not the equinoctill ; and as terrestrial longitude is measured 
i rom a fixed point of the equator, the point (with «») where the meridian of Greenwich 
crosses it, so celestial longitude is measured from a fixed point in the ecliptic, namdy, 
the vernal equinoctial point, which is called the first point of the constellation Aries. 

As respects terrestrial longitude the fixed point from which the reckoning com- 
menccB is only fixed for particular nations, each kingdom choosing its own: this is 
some inconvenience. But, as respects celesllal longitude, there is per^ uniformity 
of reckoning among astronomers; and this reekdhing— unlike that .for terrestrial 
h)rigitud(v-is carried on in one direction round the celestial sphere; so that a body 
may have any longitude short of 360'". 

The cdiptic is conceived to be divided into twelve equal parts, colled iign» ; a sign 
is therefore an arc of 30". The twelve signs have the names and symbols foEowing 

1. T Aries (The Bam). 7. Libra (The Balance). 

2. y Taurus (The Bull). i 8. rn Scorpio (The Scorpion). 

3. n Gemini (The Twins). j 9. / Sagittaiius (The Archer). • * 

4. e Cancer (The Crab)., . 10. >; Capricomus (The Goat). 

5. Leo (The Lion). i 11. Aquarius (The Water-bearer). 

6. ^ Virgo (The Virgin). j 12. Pisces (The Fishes), 

The first six of these signs are to the north of the equinoctial, and the others to the 
south they are also called Signs of the Zodiac — ^the name given to a belt of the 
heave ns S'’ on each side of the ecliptic. 

Celestial Latitude,— A b the ecliptic is the circle of longitude, the perpcrdiculars to 
it, that is the great circles through the poles of the ecliptic, are the circles of latitude. 
The distance of a celestial object from ecliptic, measured on one of these perpendi- 
culars, is its latitude ; it is north or south, according as the object is on the north or 
south side of the ecliptic. 

Miifhi udwwwiefi.— The right ascension of a celestial object is the arc of the equi- 
noctial intercepted between the first point of Aries and the declination circle or 
meridian passing through the object. 

The learner will perceive that the fir|^ point of Aries is the starting-point from 
which both longitude and right ascension are measured ; and that, what on the terrestrial 
globe would be longitude and latitude, on the cclestisl globe are right ascension and 
deelination — ^the first point of Aries being substituted for the meridian of Greenwich. 

Great circles, all of which pass through the poles of any of the more important 
groat circles of the sphere, are frequently called secondaries to the latter. This is a 
very convenient term : thus, vertical circles are secondaries to the horixon ; meridians, 
or declination circles, ’are secondaries to ^ equinoctial; and^circlcs of celestial latitude 
arc secondaries to the ecliptic. 

* • • 

On Ttaas. — The most important porti& of time, in matters connected with 
nautical astronomy, is the day and its subdivisions. There are several kifids ol day 
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referral to ia astronomy ; but tlie period occupied by a single rotation of the earth 
comprifies, in each case, nearly the whole of the time so designated. If the heavenly 
bodiee were all fixed, and the earth had no progressive motion, but only its present 
diurnal rotation on its axis, all days would be alike as to length, since the diurnal 
rotation is always performed in the same time ; the intfjn'Sl between the departure 
from, and the return to, the meridian, of any heavenly body would then bo invariably 
the same. But as the earth is continually Uiifting its place in its orbit, and that by 
an amount which is not uniform, the interval between two successive passages of the 
sun over the meridian of any place is variable. This interval is called an apparent 
solar day. 

Apparmt Time , — When the sun is on the meridian of any place it is apparent 
noon at that place ; when it is in any other position, the angle between the meridian 
of the place dhd that on which the sun is, is called the hour angle from noon at that 
place and instant ; this angle, conrertod into time, at the rate^of 15’ to an hour, is the 
apparent time at the place. 

Mean Time. — As, on account of the inequality of the earth’s motion in its orbit, 
the solar day is continuall)' vaiying in length, a day that is the average, or mean, of 
these variable days is fixed upon for civil reckoning \ and it is the length of such a 
mean day that is marked out by the twenty-four hours of a common clock or watch. 
This length of time is called a mean solar day ; and any time shown by a correct clock or 
w^tch is mean solar time, or simply mean time. At certain periods of the year the sun 
wiir^hus arrive at the meridian* before the clock points to XII , and at other periods 
the clock will he in advance of the sun ; the interval between the arrival of the index 
of the clock to XII., and of the sun to the meridian, is called the eguation of time. It 
is given for every day in the year, at page I. of the “Nautical Almanac,” for the 
meridian of Greenwich ; that is to say, when it is apparent noon at Greenwich, on any 
day of the year, the almanac shows the time to be added or subtracted to obtain the 
corresponding mean time at that meridian. 

Sidereal Time. — A sidereal day is the time occupied by one complete rotation of 
the earth on its axis. This interval is ascertained by observing the time elapsed 
between two successive passages of the same fixed star over the meridian. Such is the 
immense distance of the stars that the earth’s change of place from day to day pnxluces 
not the slightest effect upon their apparent positions, w hich are preserved the same as 
if the earth were at rest. Whatever star he observed, and whatever be the place of 
the earth in its orbit, it is uniformly foimd that the interval of two successive passages 
of the star over the meridian is invariable- -namely, 23h. 56' 4*09” of mean time.* 

Besides the three kinds of day here d(^ribed, there is also the lumr day^ which 
is the interval between two successive passages or transits of the moon over the 
jneridiau ; the average length of it is 24h. 54m. But navigators have nothing to do 
with lunar timo ; what they are most concerned with are apparent time and mean 
time — the time that would be shown by a properly-constructed sun-dial, and the timo 

• The whole starry heavens have, however, a slow apparent movement, arising from a real 
motion of the earth diatinet from iU rotation on its axis. This motion oausee the axis to deaoribe a 
minute circle round the poles "of the ecliptic in about 2G,000 years ; the effect is to cause the apparent 
approach of some atars towards the pole, and the recession of others. Thus the pole-atar, as it is 
called, hao, for many centuries, been getting nearer to the pole ; it is now about r 34' fi'opi it ; the 
■tar will continue its approach till within abou^;i0', and will then recede. The physical cause of the 
phenomena will be noticed In treating of the Precession and Nutation, in a aubsequent part of the 
present voliinte. 
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shown by a well-regulated chronometer. The time determined by obserrationfl^at aea, 
which is in general dedneed from the sun’s honr-angle with the meridian of the place, 
is of course apporent time. It is tum#d into mean time by help of the tabic of the 
equation of time at page I. of the “ isautical Almanac ’’—the phenomena, predicted in 
that important publicatioh, fpr the use of seamen in finding the latitude and longitj^de 
at sea, being recorded in mean time, just like the transactions of common life. 

But there is this difference between th8 ciyil and the astronomical mode of reckon- 
ing : the civil day reckons from twelve o’clock, at midnight, and the whole twenty-four 
hours is divided into two sets of twelve, the counting recommencing at twelve o’clock, 
noon ; but astronomers commence their day at noon, and count on through the twenty- 
four hours, from 0 hours up to 24 hours, when another day begins. Consequently the 
common or civil reckoning is always twelve hours in advance of the astronomical 
reckoning, both rockonings being in reference to mean time ; so that to deduce the civil 
from the astronomical tknc at any instant, we have ^nly to add twelve hourq to the 
latter. For instance, Jan. 1, Idh. 3Jm., astronomical time, is Jan. 2, dh. 3dm., in the 
morning, civil time. 

It is indispensably necessary that the learner have clear conceptions of apparent 
and mean time : the former is at once aacertained^by observation of the true sxm’s hour- 
angle from the meridian ; the latter is not pointed out by nature, hnt is arbitrarily 
chosrn for practical convenience — its measure is not ascertained immediately from 
observation, but computed from the actual phenomena. Astronomers conceive »n 
imaginary sun, called the mean sun, to move uniformly in the c<|uinoctial, and with 
a motion in right a.scension exactly equal to the real sun’s mean or average motion in 
right ascension, so that the interval between two consecutive transits of the mean sun 
is a moan solar day— the mean, that is, of all the variable solar days of the year of the 
true sun. It is the motion of this imaginary sun that is measured by a chrono- 
meter it completes every revolution in exactly twenty-four common hours; the 
twenty-four hours completed by the real sun — which twenty-four hours is a variable 
interval — is the apparent solar day. The twenty-four hours completed in one revolu- 
tion of a star is a fixed and* invmiable period ; and, as already remarked, is about 
3m. d6s., mean time, loss than a mean solar day. The sidereal day commences when 
the first point of Aries is on the meridian, and continues till its return. 

On the Ooxxections to be AppUod to the Obsoirwod Altitudes of Celes- 
tial Objects. — The true altitude of a celestial object is the angular distance of it 
above the horizon of the place of observation. It is of course measured (by a quadiunt 
or sextant) in degrees and minutes, the alti^de of the zenith being 90". 

The altitude is estimated not iix>m the visible but from the sensible horizon of the 
observer, and in the case of the sun or moon it is measured up to tho centre ufi 
the body. Tho observed altitude is the angular distance of the visible horizon from the 
lower or upper limb of the body, so that a correction has to be made for the dip or 
depression of the horizon, and for the semidiameter of tho body. If the object be a 
star, then there is no correction for semidiameter. These corrections being made, the 
result is called the apparent altittuk of the body. * 

Some other corrections are necessary to obtain the true altitude from tho apparent; 
these wb qjiall speak of presently. ^ • 

Hip of tbo Btorlocn. lAtr tho eye is always elevated above the snr&oe of the 
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sea, YisiUoliorizoii dips below the sensible horizon, and forma an angle with it. It 
is the amount of this angle which must be Bubtracted £tom the observed altitude. Let 
E be the place of tho obsorver^a eye, and S the ^position of the celestial object whose 

altitude is' to be fbund. The visible horizontal 
line is EH', the ^ue' horizontal line EH ; tho 
altitude of S, as shown by tho instrument, is 
the Angle SEH', instead of the angle SEH ; the 
angle HEH', by which tho latter angle is in- 
creased, is the dip, which must be subtracted 
from the observed altitude to give the apparent 
altitude SEH. 

The angle HEH' is equal to the angle C, since 
th'e angle CEB is the complement of each. 
The height, AE, of the eye being known, as 
also the radius CA of the earth, EB Injcomea 
known for EB- == ED X KA (Euclid, Prop. 36, 
Book III.), so that the amount of the angle of 
depression can always be found when the height of the eye above the sui'faco is given. 

Thus let r be put for the radius of the earth and h for the height of tho eye above 
its surface ; then, as just shown, 
c EB- = (2r -f- h)h = 2r/*, very nearly, 

the ’Quantity being omitted as insignificant in relation to 2r/*. Uenc-e, because by 
EB 

right-angled triangles, sin C = gg, and since C being always ver}' soiall — only a fi w 
minutes — ^tbe arc may be taken for its sine, tve have 

which is the length of the arc (to radios 1) that measures the angle of the dip due to 
file height h. This length, for different values of A, is converted into minutes, and in 
this way the correction for dip is calculated for different altitudes of the eye, and the 
results arranged in a table. 

Samldiainetez.— The foregefing correction for the dip of the horizon having 
been applied to the altitude of the point observed, if this point bo the uppermost or 
lowmmost point of the disc of the sun ol moon, a correction for the semidiametor of 
the body must be applied in order to nbtaip the apparent altitude of the centre. As 
the measurements in the present subject are all angular measurements, the correction 
Jiere adverted to is the axigle subtended at the eye by the Sfiinidiameter of the observed 
body. This angle, both for the sun and moon, is given in the Nautical Almanac.*’ In 
the case of the moon, file diameter is seen under a greater angle as she approaches 
towards the jsemth ; for at the zenith she is nearer to the observer than when she is 
in the horizon by a semidiameter of the earth ; and such is the comparative nearness 
of the moon fiiis diffbrmice in her distance makes a sensible difference in her 
apparent magnitude. The semidiameter given in the Nautical Almanac ” is the 
horizontal semidiameter, otvthat under which she would be seen when in the Lorizon ; 
or, which is the same thing, it is the ^ngle subtended by tho semidiameter at the 

centre of *the earth. Aa tibia aamadiaineter increases wifii her altitude, the increase 

^ • .. . 
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being BO much as ouc-Bixticth part of the whole when the mooE is in Ihe zexflth) for 
. sho is about sixty semidiameters of the earth off^ the amount of increase for any 
altitude is found by multiplying oneganctieth of the moon’s ssmidiameter hy the 
sine of the altitude, and in ^is way the table entitled ** Augmentation of the Moon’s 
i Semidiameter/’ and given an some collections of Nautical Tables, is constructed : it 
I Bupplios the proper correctioA, to be applied additirely to the horizontal semidiameter, 
to obtain the semidiamoter at the given altitude** 

On account of the great distance of the sun, tho variation of his Bcmidiametcr, as 
i he increases in altitude, is too minute to give any correction; it is practically 
inscDsiblo. 

Tho corrections for dip and semidiameter being thus applied, the result is tho 
apparent altitude of the centre. As to tho stars, the only correction of the observed 
altitude of a star, to reduce it to the apparent altitude, is the correction for dip. It 
; remains to he shown hoV the true altitude is obtained iiom tho apparent altitvyie : this 
requires two additional corrections— one for refraction, and the other for parallax. 

MaftEctton« — Tho atmosphere which sunounds the earth is of variable density, 
tho lower parts being compressed by the weight of the upper* A ray of light, there- 
fore, from a celestial object passes through a medium, which opposes obstruction 
to its fi*co passage, the density of tho medium increasing as the ray advances from the 
UY»p<}r to the lower regions of the atmosphere, where it meets tho eye ol the observ|r. 
Thii^ disturbance causes tho ray to be deflected or bimt, the deflection being grdater 
a.s th<3 density of the medium tltrough which it passes increases. Instead, therefore, 
of reaching the eye in a direct line from the object, it begins to curve as soon as it 
enters the atmosphere, and tho curvature increases as it reaches the eai’th . the direction 
' of the object from which it proceeds — ^which direction is judged of by the last direction 
the ray lakes, and in which it enters the eye— thus appeai-s to bo different from its 
! true direction ; the object always, except when in the zemth, seems than it 

! ically is. Consequently, the correction for this as it is called, of the rays 

J of light, like that for dip, is always tAtractm. At the horizon it is greatest, for the 
j rays become more bent the more obliquely they enter a reflecting medium ; wJien 
they atriho upon it perpendicularly they are not bent at aU. These facts are proved 
' by many optical experiments. 

The re&action takes place entirely in the vertica] plane ; for contiguous to this 
! plane, to the light and left, the medium being the same, there is nothing to divert it 
I from its path cither on one side or the other. Eefhustion, therefore, like dip, affects 
j nltitttdes only : tables for the coiTesponding^correction of the altitude, from the horizon 
; to the zenith, are given in all nautical collections : these, however, are computed for 
I tho mean stato of tho atmosphere ; and it must occur to the reader that, as this state ^ 
j continually varying in certain latitudes, it becomes necessary to modify the numbers 
in the table, when the true altitude of a celestial object is required with the utmost 
j accuracy, by taking note of tho actual stato of the atmosphere, as indicated by the 
thermometer and barometer. To the taWe of mean refractions a tabic of these cor- 
rections is genendly annexed. When the htiiude only oJ* the ship is required, the 
correction of the mean refraction is of comparatively little consequence ; but in deter* 
mining tbe longitude, by lunar ol»ervations, is deserviag of attention. 

• Thin correction, amounting onlj to a few seconds. Is Aequenfly omitted in Kau|Ucal Tables, 
and tberefoif often neglected i»t sen, , 
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Wifen the] corrections now explained are applied to the observed altitude of a 
celestial object, the result is the true altitude] of it above the sensible horizon of 
the observer, and it now only remains to reduoi^this to the altitude above the raiioml 
horizon of the place, as if the object were observed' from the centre of the eai*th instead 
of from the point on its surface immediately above the centre'*. In the case of a star, 
the altitude would be the same, whether the observation he made on the surface or at 
the centre — the change of position being inibensible in reference to objects so remote 
as the stars ; but, for the sun and moon,* especially for the latter, the angle subtended 
at the body by the radius of the earth, cidled its parallax in aHifule, is of sensible 
amount, 

l^araliaK. — ^Let S represent the place of the celestial body observed from tlic 

surface of the earth at E ; the observed angle 
SEII, when con*ected(i for dip, scmidianieter, 
and refraction, will be the true altitude of the 
centre of S above the sensible horizon, EH, 
and the angle SCll will be the true altitude of 
the centie above the rational horizon CR. It 
is the difference of these angles that is called 
the pai-allax in altitude. If the body be in the 
sensible horizon, as at H, then the difference 
spoken of will be the whole angle IICR : this 
is called the horizontal parallax. For any 
other position of the body the parallax is loss — 
diminishing as the object approaches the zo*utb, 
and vanishing at that elevation. Since parallax 
in altitude = SE'H — SEU = FiSC, the 
parallax is always the angle subtended by the acTuidiameter of the earth at the object ; 
and since the true altitude above the rational horizon is 

SCR = SE'H = SEII + 

the correction for parallax in altitude must bo applied nlditivtly to the true altitude 
above the sensible horizon to obtain tho true altitude above the rational horizon. The 
sun’s horizontal parallax is always about y ; the moon’s horizontal parallax varies 
considerably, and is given, together with b«.r Bemidiametor for every noon and mid- 
night, at page III. of the “ Nautical Almanac.” And from the horizontal parallax being 
known, the parallax in altitude is easily found thus. Referring to the triangle SEC, 
we have the proportion 

EC 

• SC : EC : : sin SEC : sin ESC = sin SEC ; 

but sin SEC = sin SEZ = cos SEH, and as EC, SC are constant, it follows that tho 
sine of the parallax in altitude varies as the cosine of the altitude ; that is, 

1 : cos alt. : : sin hor. par. : sin par. in alt. 

The parallax being always a very small angle, it is usual to substitute tho seconds 
in the arc for the sins, so that we have 

par. in alt. in seconds = hot par. in seconds X cos altitude. 

And in this way the table for parallax in altitude is constructed. 
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We have now explained th© necessary tjorrections for reducing tlie observed altittido 
of a celestial ol^ect to its true altitude as seen from the centre of the earth. When the 
object is the sun or moon, these oorrcsitions are four in number, namdy, for dip, semi- ' 
diameter, refraction, and parallax in altitude ; nirhcn it is a star there are only two j 
corrections, namely, those ^r dip and refraction. The “Nautical Almanac*’ fumphes 
the necessary particulars for the other two corrections when cither the sun or moon is 
observed : tho semidiameter of the moorf, as seen from the centre of the earth, is 
given for intervals of twelve hours throughout tho year ; its value for any intermediate 
time is to be found by proportion, and it is the same for the horizontal parallax. In 
the “ Explanation** which accompanies tho “ Nautical Almanac,** every needful infor- 
mation is given os to how values which vary continuously may be determined for any 
proposed time from the rct^ordod values at stated intervals : thus — ^ 

To find the moon's semidiameter and horizontal parallax at 6h. a.m. (that is, before 
noon) on Feb. 23, 1848>, at a place 15% or Ih., to tht' east of Greenwich. ♦ 

Tho civil time at the place, expressed in mean astronomical time, is Feb. 22d., 18h , 
from which, subtracting Ih., because the place is to the east of Greenwich, we have 
Feb. 22(1., 17h. for the corresponding time at Greenwich, or 5h. after midnight. Pro- 
ceeding from the Semidiameter given for midnight of the 22nd, we must compute the 
proportional part of the variation in 12 hours, due to the time elapsed, viz., 5h. ; thus 
the semidiameter for midnight, or 12h. of the 22nd, is 16' 3l"'6, and forth© 23rd, at 
noon, or 24h., it is 16' SI"*? ; tho difference, 3'’1, is tho variation in 12 lyjiJrs. 
Therefore, 

I2h. : 6h. : : 3'-l : 1 “3, 

whi<‘h added (because tho quantities are increasing) to 16' 31 *6, gives 16' 32' *9 for tho 
moon’s semidiameter at the time proposed. Similarly, tho horizontal parallax at 
midnight of the 22nd is 60' 39", and at noon of the 23rd, it is CO' 50"*4 , the difference 
11" 4 is tho variation in the 12 hours which include the given time : therefore, 

12h. : 5h. :: ir-4 : 4" ‘75 or 4" *8, 

which added (because the quantities are increasing) to 60' 39", gives 60' 43"-8 for the 
liorizontal parallax required. And if with this horizontal parallax, and the apparent 
altitude of the moon, we enter the tabic entitled “ Moon's Parallax in Altitude,** we 
shall obtain the parallax in altitude. But in most nautical tables the two corrections 
for refraction in altitude and parallax in altitude arc combined, and tho results tabu- 
lated Mider the head of “ Correction of tho Moon’s Apparent Altitude,” and this is 
the preferable arrangement when the true altitude is to be deduced. 

Besides tho foregoing corrections for^ obtaining the true altitude of a celestial 
object from the observed altitude, tbe observed altitude itself generally requires a 
little correction for tbe knowm error of the instrument (quadrant or sextant) employed 
I in taking the altitude. “ Human hands or machines never formed a circle, drew a 
1 straight line, or erected a perpendicular there are, in consequence, unavoidable 
departure's from strict mathematical accuracy in all nlfecbanical constructions. The 
shortcomings may be discovered and allowed for, though not remedied— just u the 
gain or loss of a chronometer may be discovered, though* to construct one, without 
gain or loss, be a practical impossibility. Tho index error-^as it is usually c^ed — of 
the instrument, is to be allowed for beforgany of the* astronomical conections are 

* Sir John Herschcl’s ** Treatise on Astronomy,” page 69. See also ** Mathematical Sciences,” 

! pafjc 69. • 
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introdii&ed ; it is sot oosstant, but razies with temperature. The following examples 
will SQ^ciently show how the Beveral oorreotions are applied. 

«» 

SauunplM of Gooxootiiig AlUtwdoa at iloa, — 1. Suppose the obserrod alti- 
tudf of a star to be 47® 10', the height of the eyo 18 feet, and the index error of the 
instrument to be 3' 12" auhtraetm : required the true altitude. 


Observed altitude 

47® 10' 0" 

Index error 

- 3' 12" 


47® 6’ 48" 

Dip of the horizon 

— 4' ir 

Apparent altitude 

47® 2' 37" 

Befraction * 

—63" 

True altitude 

47® 1' 44" 


V The refraction here taken from the table is that for the mean state of the atmo> 
sphere. If the height of the barometer and thermometer be observed, the mean refrac- 
tion may be corrected accordingly by aid of a table usually placed beside that for the 
mean state of the atmosphere. 

2. The ohsciTod altitude of the sun’s lower limb on a certain day was 16® 33', the 
height of the eye was 17 feet, tlic index error was 3' additive ; the barometer stood at 
29 inches, and the thermometer at 68’ : required the true altitude of the sun's ccutrc. 
his semidiameter, as given in the Nautical Almanac" for the day, being 16* 17". 


Observed alL sun’s L. L, 
Index error 


Apparent alt. L. L. . 

Befraction 

Correction for barometer 

„ thormomet«.T . 

True alt. of L. L. above seiisible horixon 
Semidiameter (Naut. Aim.) 

Parallax in altitude 


16® 33' 0" 
+ 3' 0" 

le® 36* 0*' 

— 4* 4*’ 

16’ 31' 56" 

— 3' 10" 

- 7 " 
— 3" 

16’ 28' 36" 
+ 16' 17" 
+ 8 " 


Tnic alt. of sun's centre . 1|5® 46' T' 

The corrections for the barometer and thermometer being, as in this example, alwa}*B 
very small, they are not attended to at sea when the latitude Is the only thing to be 
determined. I^e error in the latitude arising from omitting these small quantities is 
too trifling to be of any consequence. i, 

3. The observed altitude of the moon's lower limb (index error allowed for) is 
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31* la' ; the horizontal parallax, from the “ Nautical Almanac,” 58' 37 " ; aemidinmeter, 
15' 58" i and the height of the eye 18 fret; zequixed the true "altitude of the moon'a 
centre. 


Observed alt. moon's JL L. • 

31“ 18' 

0" 

• Dip 

Senudiam. 15' ^8" ) 

Augmentation 8" / s'* 

- 3 ' 

50" 

+ 16' 

6" 

App. alt. moon's centre .... 

31* z(y 

16" 

Cor. for par. and ref. (hor. par. 58' 37", alt. 31i'') 

+ 48' 

26" 

True alt, moon's centre 

32“ 18’ 

42" 


4. The obserred altitude of the moon's upper limB, corrected for index-error, was 
iV 25'; the horizontal parallax, 56' 40" ; semidiameter, 15' 10"; and the height of 
the eye, 15 feet : required the true altitude of the moon's centre. 


Obaenred alt. moon's IT. L. 

l)ip 

Semldiaxn. 15' 10" 1 
Augmentation 10" / 

App. alt. moon' s« centre 
Correction for parallax and refraction 

True alt. moon's centre . 


41* 25' 0" 

— . 3 ' 42 " 

— 15 ' 20 " 

41* 5' 58'' 

— 40' 51" 

41* 46' 49" 


To Botennixie tlio liatitiide at Sea frrem the KeildSaii Altitude of a 
Coleatlal Ohjoot whooe Decliuafioa ie known,— The determination of the 
latitudt^ of the ship by means of the altitude, when on the meridian, of a celestial 
object of known declination, is the easiest, and in general the safrst, method for the 
purpo)94\ The observations and the subsequent calculations being but few, they may 
bo reatUly accomplished, and with but little liability to error in the result This 
method, therefore, is always used at sea, whenever foggy or cloudy weather does not 
render it impracticable. 

The celestial object observed must be one of which the declination is given in the 
Nautical Almanac,” for the meridian of Groenwich. This declinatioD may be reduced 
to the meridian of the ship — or rather to the time at Greenwich corresponding to that, 
at the ship — by turning the longitude by account into time, and then applying the 
yariation for declination due to that time, as explained at page 93 ; the hoorly variation 
of the sun's declination is given in the ** Nauti^^ Aiming” at page I. of each month. 
The longitude by account hf always sufficiently near the truth for tee determination of 
this element, though greater precision is required for the moon than for tee sun, as 
the declination of the former changes more rapidly. The declination of tee object 
observedL being thus known at the time of o^eryation, «and, from its altitude, the 
zenith distence of it being also known, we ha'^ the distance of the object both from 

the equinoctial and from the zenith of the iteip : consequently, the distanoe of the 
* ■ 
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irenitl from the equinoctial'^thftt is, the distance of tiie ship from the equator — 
I becomes kno^m either by simple edition or subtraction ; and thus the latitude is 
found. 

The object obsorred may be either above thl pole or below it ; that is, it may 
be on either the mid-day or the mid-night portion of ^ho* celestial meridian of the 
pAce ; and, in the former case, it may be in cither of tl^o three following positions in 
reference to the equinoctial and the zeniti^ namely : — 

1. The zenith and the object observed may both he on the same side of the equi- 
noctial, and the object nearer to the equinoctial than the zenith is, as at S, in the 
diagram below. 

2. The zenith and the object being on the same side of the equinoctial, the zenith 
may b-^ nearer to the equinoctial than the object is, as at S'. 

The zenith and the object may be on dif- 
ferent sides of the equinoctial, as at S'\ 

Lot NZH be the meridian, Z the zenith of 
the ship, N the elevated pole — ^thc north poh' 
suppose — and EQ the equinoctial. 

FirtL — Let the object observed he at S, between 
the zenith and the equinoctial, and both mrth of 
the equinoctial ; then for the latitude £Z, wo have 
LZ £S ■ that 18 , 

1). The latitude is equal to the declination, plus 
the coaltitude. 

Second. — Let tho object he at S', on the con- 
trary side of the zenith, then the latitude EZ is 

(2) . The latitude is equal to the declination, minus the coaltitude. 

— Let .the object be at S'', on the contrary side of the equinoctial; that is, 
let its declination be souths then the latitude is£Z = ^"Z — ES" ; that is, 

(3) . The latitude is equal to the coaltitiidc, viims the declination. 

Hence, if we call the coaltitude, or zenith distance of the object, tiorlh^ when the 
zenith is north of it, and south, when the zenith is south of it, we shall have the 
following rule for all the three cases — namely, 

Rule. — ^AVhen the object observed is above the pole, if the zenith' distance and the 
declination have the same name, that is. be both north or both south, their stm will be 
the latitude. If the zenith distance anj the declination have different names, tlxeir 
difference will be the latitude, of the same name as the greater. 

^ It is aflffiumed above that' the north is the elevated pole ; but if it be the south, then 
by mCTcly writing south for north and north for south, the reasoning will remain the 
same : the rule will require no modification. 

Jt is obvious that the elevation of the pole above the horizon of any place is always 
equal to the latitude of that place, for ZX is equally the complement of the latitude 
EZ, and of HX the olevalion of the pole. Tho elevation of the equator, or the angle 
it makes with the horizon, is also clearly equal to the colatitude. 

It should bo remarked, that when celestial objects are near Iho horizon tht-y arc in 
a position less favourable for observatidu than when they are more elevated, because 

j the refraction near the horizon is very variable in its effects. 

* « 
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Latitude from the Sun when above the Pole,— Tbo sun is the celestial 
object most commonly appealed to by * mariners for the determination of the 
latitude of the ship : it is more frequently visible in the day-time, when, except in 
bad weather, the sea horizon is mor<? clearly defined, •and the corrections to be applied 
to the observed, in order to get the true altitude, are few and simple. The correct^ns 
for a star arc still fewer ; but, as the horizon is usually getting obscure when the stars 
begin to appear, a star is, in general, less flvoiirablo for the purpose than the sun : the 
moon, however, is often on the meridian under favourable circumstances, but the 
corrections necessary are more in number, and require to be made with greater care. 
\Vc shall give suitable directions for each of these objects separately, cb^tailiug the 
proper corrections to he made preparatively to inferring the latitude, as briefly 
indicated by the general rule given above. ^ 

Rule 1. From the longitude by account t&d the apparent time at Greenwich ■ this 
is culled the Greenwich 4aU\ * • 

‘J. From page I. of the Nautical Almanac gel the noon-declination at Greenwich ; 
and, by means of the hourly diflTercnce in declination there given, and the j rcviously 
found Greenwich date, find the correction due to that date ; the declination at the time 
of observation will thus be discovered. 

3. Apply to the observed altitude the proper corrections for dip and semi-diameter , 

the apparent altitude of the centre will then he obtained ; and the c< iTcetions for 
refraction and parallax W'ill reduce the apparent to the true altitude. ^ • 

4. Mark the zenith distance N or S. according as it is N. or S. of the sun then, 
if the declination and zenith distance have the same marks, their sum 'wili be the 
latitude ; if thcT havf' different marks, their dijfereticc w*ill be the latitude. 

Norn. — The first .slop in the foregoing rule requires the conversion of degrees, 
minult (if longitude into time, which is readily done from the known relations — 

l.V iz: lb. If/ = Im, 15" = Is; 

for from tliosc it is evident that if w'o multixdy tlie degrees of longitude by 2, and 
then divide by 30, the quotient will be hours, and so many thirtktlus of an hour ; so 
that twi«'C these thirtieths will be tho additional minutes of time. 

In like manner, if we multiply the* minutes of longitude by 2, and divide by 30, 
the quotient will be the minutes of time, and so many thirtieths ; that is, twice that 
number of seconds of time*. 

Supj) 'SO, for instance, the longitude is 93"' 37' 41", wo may easily convert it into 
time, Its ill the margin, thus ■ multixdying the degrees, minutes, 
and seconds by 2, we have 180’ 74' 82"'. ^ 3)18/) ' 7,4' 8,2 

Dividing each, scpaiately, by 3, cutting off the unit figime ^ 
of each for th(‘ 0 8uppres.sed in the 30, we have for the first .,<■ * 

(quotient 6 hours and 6 thirtieths — that is, Ch 12m; for the " 

.‘'C'cond quotient, 2 minutes and 14 thirtieths — that is, 2m 28s; 

and for the third quotient, 2- 7 3s — decimals of a second being Cli Ilm 30*73s. 

always used instead of thirds : hence the time corresponding 

to 93’ 37' 41" of longitude is 6h Mm 30-73s. • 


Examples. 


1, On April 27, 1853, in north latitude, in longitude 87' 42' W. the observed 
idiar altitude of the sun's lower liirb was 48’ 42' 30" (zenith N), the index 


mcridiar 
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ocHTection wm + 42", tufd height of the eye 18 feet: leqwwd the 

latitude. 


1 . Ftr the apparent time at GrptmieL 

Long, br account ... 87* 42* W. \ 
€ * 2 ^ 

i 

3)17,4 8,4 ■ 

5 48 I 

2 48 j 

‘ 5li. 50in. 48s. j 

• • — ■ 

The variation for this time to bo addea, 
as the declination is increasing. * 


* , 2. For the siw’s decUnatm. 

Dec. at ap]j. noon (Naut. Aim.) 

13* 43' 53" If. var. in Ih. 47"*7 increasing 
+ 4* 38" ' 6 

13“ 48' 31" K. in 6h, . . 2«8'2 

in 10m. . . 7*9 

in 5h. 50m. 278*3 seconds 
or 4’ 3S" 


Observed altitude of .sun’s Ii.L. . 

. 48’ 

42' 

30" 

Index cor. 1' 42" \ 




Dip . . — 1' 11"^ 

. . + 

l.T 

25" 

Semi-diaro. + l o' 54" ) 




App. alt. of sun’s centre 

. 48^ 

55' 

65" 

Kcfraction and parallax 


— 

44" 

True alt. of centre 

. 48’ 55' 

11" 


90’ 



True aenith distance , 

. 41' 

r 

49" 

Sun’s reduced declination . 

. 13’ 

4S' 

31" 

liatitud" ..... 

. 61 

5.'f 

20" 


« f 


As noticed in thi Introduction, page 32, it is always advisablo to make all the 
we can of Tables when they are once in hand. The ilrst table referred to in th ■ 
foregoing operation is that given at page I. of the Nautical Almanac for tlic suu’.' 
declination at apparent noon at (irccnwich, tuth the hourly vaiialiou; the gein:- 
diametcr should be taken out at the same t»me, and inserted in its proper jdaec, hi: i 
seamen in general use invai-iahly 16' for the sun’s scini-diametcj. A blank form id' 
the several particulars^ in such oi>erafions is of considerable assistance, as the woik U 
thereby facilitated, and the risk of mistakt diminiKhed. The ‘‘ correction in altitude”- 
that is, the allowance for refraction and parallax— should be taken fioni the Nautical 
Tables at the same time as that for dip in workin;^ examples ; though at Sv ii the 
dip generally differs but little throughout a voyage.* 

It may be remarked, that in computing the declinalioti of the sun for the time oi 
observation, socond.s of time may be disregaided, and even a few minutes is of no 
practical consequence : ♦indeed, the longitude by account is only an approximation to 
the correct longitude. 

• In some cases, however, i^hcn the voyage is long, and the complement of men considerable, 
the dip may sensibly increase. Captain Pi/ry, after wintering in “Winter IIarb.>ur,“ in IR^o, 
estimaW the consumption of stores and provisions to have amounted, in the “Hecla,” to about 
sevent)' tons : the dip must thqyefore have increased. 
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LATITUDE 7B0M TQE SUN WHEN ABOVE THE POLE. 


But, as a little consideration will be su&cient to show, the error in the estimated 
longitude must be very great indeed to occasion any error of practical importance in 
the declination of the sun at the jnStant of observation. If only the altitude bo 
observed with proper car^ the computer may trust to the accuracy of the resulting 
latitude without any nice determination of his longitude 1"* of longitude is only 4* of 
time. * « 

2. On August 14, 1846, in north latitude, and in longitude W., the meridian 
altitude of the sun’s upper limh was 47° 26' (zenith N.), the index correction — 1' 47", 
and the height of the eye 20 feet : required the latitude. 


1. For the apparmt time at OremMokh. 

Long, by account ''ll'’ W. 

2 

3)10/2 

App. time at Greenwich . . . 3h. 24m. 

The variation for this time must bo 
subtracted, as the declination is decreasing. 


2. Tw the etm*8 deditmtmi. 

Dec. at app. noon (Naut. Aim.) 
iV 25' 28" N. var. in l£. ’ 46"*51 dec. 

- 2' 3«" p, 


14“ 22' 50" X 


Observed altitude of sun’s U. l.i. 
Index cor. — 1' 47" i 
Dip. . . - 4' 24" ] 
Bemi-diam. — 15' 49" 

App. AH. of centre . 
Jicfraction and parallax 

True alt. of centre 


'fruo zenith distance . 
Sun’s reduced declination 


in 3h. 

139*53 

in 12in. 

9 30 

in 12m. 

9-, 10 

sr sr *=s: 

158*13 nc. 

4r 26^ 0" 

• 

-22' 0" 



47’ 4 ' 0" 

— 47 " 

47’ ir 15" 
90 ’ 

42’ 54' 47" N, 
14^ 22' 50" N. 


Latitude 


57’ ir 37" K. 


On Xovemher 8, 1846, in longitude 62’ K., the meridian altitude of the sun’s 
v.^ r limb was 57’ 12' 30" (zenith S.), the jndex correction was + 1' 36", and the 
lu iiiht <tf the i ye 30 feet required the latitude. 


— 3' 0" 


1. For the appareht time at Greenwich, 

LtiUg. by account . . 62^’ L. 

2 

3)12,4 

App.timoatGreenwichih.Sra.bcforcncon. 

The variation for this time must bo j » 
subtracted, as the declination is greater at ' 
noon than before noon. 


2, Ibr the sun's dedmation, 

Dec. at app. noon (Naut. Aim.) 

IG' 33' 34" B. var. in Ih. . . 43"'36 inc. 


in ih. 
in Sm. 


173-44 

6-19 


3' - 179-63 sec. 
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LATITUDE FHOM THE SUN WHEN ABOVE THE POLE. 


Observed altitude of sun’s L.L. . . .57° 12' 30" 

Index cor. + 1' 36" ) 


Dip. — 5' 24" V . . . + 12' 22" 

Scmi-diam. + 16' 10" J 


App. alt of centre 

. 57" 24' 52" 

Refraction and parallax 

-32" 

True alt, of centre 

. 57’ 21’ 20" 

00’ 

True zenith distance 

. 32’ 36’ 40’’ S. 

Sun's reduced decimation . 

. 16’ 30' 34" S. 

Latitude 

. 49" 6' 14’’ S. 


It may be remarked hero, that in rouueinj^ the declination to the time at Greenwich 
when the observation is made, the hourly variation should, in strictness, be taken 
equal to 44 06, which is the average variation during the preetding 24 hours, or from 
the noon of Nov. 7 to the noon of Nov. 8, becau.se the 4h. 8m., for which tho correction 
is made, is a portion of thi^ 24 hours ; but the difference in tho correction would, 
amount only to about 2.i seconds. Such small quantities arc not Avonh attending to 
in tho present problem, as the altitude of a celestial object, taktm at sea, cannot he 
hiqasurod to within a few seconds of the truth ; and if the latitude can be deduced to 
the nearest minute, it is all that can be reasonably expected. 

To save the trouble of the preliminary reductions here adverted to, a table is given 
in most nautical collections, by entering which wuth the sun’s noon -declination and tin* 
longitude by account, the correction for declination is found with accuracy sufliiucnt 
for the purpo.<5C*s of navigation, 'fhe tabic referred to is, in Norie’s Table*', the twenty- 
first ; we shall use it in the following example. 

4. On November 21, 1841, in longitude 165’ E., tho meridian altitude of the eun s 
lower limb w'as observed to be 47’ 38' (zenith N.), the index correction was — 1’ lo", 
and the height of tht* eye 17 feel required the latitude. 


For the dedination at the Greenwich ti,ne of obnervaticn. 

Sim’s declination at noon, Nov. 21 (Naut. Aim.) . , . 19 ’ 57' 55" S. 

Correction for longitudi* 165' E — ,y 52" 


Sun's reduced declinati m 19' 62' 3" S. 

Ob.sen'ed altitude of sun’s 7..].,. 47^38’ 0" 

Index cor. — 1' 15''1 

Dip* - - 4' 4"[ . -I- 10' 54" 

Semi-diam. + 16' 13") 

App. alt. of centre . ... 47^ 48' 54" 

Refraction and parallax .... — 46" 

Trpe alt. of centre . . . 47M8' 8" 

• 90' 

True zenith distance 42” 11' 62" N. 

Sun's reducfil decli.uati *4: . . . 19^ 52' 3'' S. 


Eatitud<* 


22° 19' 40" N. 
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Xiatltude Ikom a Stax above the Pole. — A fixed star changes its declination 
so slowly that its variation, even in a month, is scarcely sensible ; no correction, 
therefore, for longitude will be necess^^ j the declination, as given in the Nautical 
Almanac on the day of observation, fiiay be taken as that at the time of observation. 
As a fixed star has no parallax in altitude, the only corrections will be those for 
and refraction ; the rule for ^ducing the latitude is therefore as follows 

Rule 1. Apply to the observed altitude the corrections for dip and refraction ; 
the result will be the true altitude, and this subtracted from 90^ will give the true 
zenith distance. 


2. Mark the zenith distance N. or S. according as it is N. or S. of the star ; then if 
the declination and zenith distance have the same marks, their sum will bo the lati- 

tude ; if they have different marks, their difference will be the latitude. 

, Examples, • 

! 

1. January 22, 1846, the meridian altitude of Afctunis was observed at sen to he 

in'* 27' (zenith north), the index coivection was -J- 2' 10", 
20 feet ; required the latitude. 

aad the height of the eye 

Observed altitude of star . 

43" 2r 9" 

Index cor. + 2' 10" ) 

Dip . . — 4' 24" ) 

— 2' 14" 

• 

App. alt. of star .... 

43" 24' 46" 

Refraction . . ' , 

— r 0" 

True alt. of star 

43’ 23’ 46" 

90’ 

True zenith distance . 

46’ 36' 14" N. 

Star’s declination, Jan. 22, 1846 

19’ 58' 59" N. 

• • 

Latitude 

66’ 35' 13" N. 

2. On February 12, 18o3, the meridian altitude of a 

Hydrm was observed to be 

17’ 24' 30" (zenith north), the index correction was — 2' 
eye 17 feet. Required the latitude. 

10", and the height of the 

Observed altitude of star 

47’ 24' 30" 

Index cor. — 2' 10'' ) 

Dip . . - 4' 4'' ) ' • 

- 6' 14" 

App. alt. of star ... < 

, 47’ 18' 16" 

Refraction . . 

- 52'' 

True altitude 

. 47’ 17' 24" 

90’ 

True zenith distance .... 

42’ 42' 36" N. 

Star’s declination, Feb. 12, 1853 

8’ r 29" S. 

• 

* • • 

Latitude ... 

, 34’ 41’ 7" N. 

• 
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LATITUDE FBOX THE MOON ABOVE THE FOLK. 


— — 

3. Oa July 16, 1846, the xneridiaji altitude of Fomalhaut wob found to bo 78"^ SO'i 
(eoahh north), the index eomotion — 30"', and the height of tho eye 24 ]fect. 
Beq^uixed the latitude. 


Observed altitude of the star . •73'" 30' 30" 

Index cor. — 30" ) , 

Dip . - 4' 49" 5 .... - 0 ly 


App. alt. of star 

. 7T 

31' 

11" 

Eefraction . . . . 


- 

16'' 

True altitude . . 

. 73" 

30' 

66" 


90" 



True zenith distance .... 

. 16’ 

29' 

5" 

Star’s declination, July 16, 1845 

. 30' 

20' 

20" 

Latitude 

. 13 

o7' 

15" 


Note. — In some nautical tables the corrections for dip and refraction are uuiti d 
under the head of “ Correction of star’s observed altitude.” 


^Latitude &om the Moon above the Pole. — The moan’s declination is given * 
in the Nautical Almanac for every hour of the day, and tho time of hqr meridian ! 
passage from day to day. These elements are «•oInputod for mean ftmr, the reckoning i 
being from mean noon at frreenwich. IIotkh', to find the moon's declinati* n cor- i 
responding to the time of taking her meridian altitude at sea, we must know tin' lime j 
at Greenwich at tho instant of.obsorvation. This is ascertained as follows — \ 

As the motion of the moou in her orbit is eastward, her transit over the meridian j 
of any place is delayed from day to day. In consequence of this retardation she will ^ 
pass the meridian ol a place to the west of Orcl'nwich later in the day at that place j 
than she passes the meridian of (Uctmwich, and her transit over a meridian to the east 
of Greenwich will tako place earlier in the day. liow much later, or how much 
earlier, will be ascertained by converting tltc longitude of the meridian into time, and 
applying the corresponding proportional part of thp daily variation as furnished by the 
Nautical Almanac liy help of the short tabic in tho next page, and the daily change 
in the time of transit, the correction to bo added to the Greenwich time of transit, to 
obtain the time of transit over a nieridiiyi west of Greenwich, or to be subtracted to 
obtain the time of transit over a meridian cast of Greenwich, may be at once found. 

» The daily variation, aa given by the Nautical Almanac, is to bo sought for in the 
top row of figures, and the longitude of the place in the marginal column on the If'ft ; 
the proper correction of the Greenwich mean time to reduce it to the mean time (jf 
transit at the place is then t(> be taken out from tho body of the table. It is sufficient 
that the daily variation be taken to the nearest minute. 

It must be obsorrod, nowever, that in the case of the moon, there must not be the 
same indifference as to thci accniraey of the longitude by account ns is allowable in the 
case of the sun ; the follow ing examples wnll show^ that on account of the moon’s more 
rapid change in declination, a compar^rivcly short interval of time makes a sensible 
difference in this element. 



I LATITUDE FROM THE ICOOK ABOVE THE POLE. liJSJ 

I • 

' . . . • 

j Table forjlnding the time of tJu; moon's traneit ever a ffiveii fneridian f/ohen the t.mc of the 

j transit at Greenwich is Icnown, and the daily variation of the time. 


I Daily Variation in *kiNUTB3 op Time op Moon^s Transit. 


a 

: 40 m. 

42m. 

44m. 

1 46n^ 1 48m. 

50ni. 

' 52qq. 

54m. 

66m, 

58m. 

6Um.|62m. 

64m. 1 6(3m. 

io 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2! 

2 

' 

2 

2 

20 

' 2 

2 

2 

2 

3 

3 

. 3 

O 

o 

3 

3 

3i 

3 


4 

30 

1 3 

3 

4 

■ 4 

4 

4 

4 

4 

‘1 

5 

5 1 

5 

5 

5 

iO 

4 

4 

5 

5 

5 

S 

6 

6 

6 

6 

0 

7 

1 7 ' 

7 

.)0 

d 

0 

0 

0 

6 

7 

' 7^ 

7 

7 

8 

8 

.8 

^ 9 

9 

00 

0 


7 

7 

8 

8 

8*" 

9 

9 

9 

10 

10 

10 

n 

70 

• 7 

8 

h’ 

n 

9 

9 

, 10 

10 

10 

11 

11 

12 

12 

42 

80 

9 

9 

9 

10 

10 

11 

11 

12 


12 

13 

13 

14 

14 

!)0 

10 

10 

11 

11 

12 

: 12 

13 ! 

! 13 

1 13 j 

14 : 

14 1 

15 

1> 

16 

100 

‘ 11 

11 

' 12 

12 

13 

13 

■ 14 ! 

! 11 

j 15 i 

15 

16 

17 

17 

18 

110 

: 12 

12 

, 13 

H , 

14 

1 15 

i 15 ^ 

16 

i i 

1 

18 ! 

Ui 

iy 

: 19 

120 

1 3 

M 

14 

15 

15 

1 IG 

! 1-7 ' 

i 17 

1 18 ' 

! 19 

19 1 

20 

; 20 

21 

130 

14 

1.) 

15 

16 

17 

i 17 

18 

19 

1 19 ' 

j 20 

! 21 

1 21 

' 22 

23 

UO 

15 

10 

17 

17 

18 

19 

20 

20 

i 21 

22 

1 22 

1 23 

1 24 

25 

1)0 

1(5 

17 

18 

19 

' 19 

. 20 

21 

) “ 

i 22 

‘^3 

' 24 

: 25 

. 20 

20 

iOO 

17 

• 18 

, 39 

20 

21 

, 21 

22 

23 

! 

25 

’ 20 

‘ 26 

27 

. 28 

170 

IK 

19 

20 

21 

22 

23 

; 

25 

: 25 

; 

27 

' 23 

29 

30 

i,N{) 

, 19 

20 

21 

22 

23 

24 

' 25 

26 

: 27 

28 

. 29 

30 

, 31 

32 


j ]’) tli(' aid of this table the latitude from a meridian altitude of the moon when 
; above 1ho pole may be found as follows : — -f 

I 111 ! K 1 — From the Is autieal Almanac take out the time of the moon’s paseage over 
' the meridian of (irccnwich on the given day, ji> also the daily variation, 
t '1 — l‘>om the longitude by account, and the foregoing table, reduce this to the 
1 lime, :s? tlie place, of the moon’s passage over the meridian of the ship ; the time oi' 
obscrvjiaon, at the place wdiere that observation is made, will thus be found. 

.1 — Fiofu the ship's time and longitude find tlic corrcspvinding time at (Trccnwich. 
•1. — Find now the moon's declination |Lt that time fiom the Is autical Almanac, 
computing the variation for the odd minutes by means of the difference? in declination 
for 10m. « 

/). — From page III. of the month, take out the moon's semidiameter, and increase 
it by the Augmentation” given in the? Nautical Tables. The correction for index- 
“rror, dip, and ficmidianictcr, will reduce the ob^-erred altitude of the limb to tlic 
.ipparent altitude of the centre. 

I 6. — ^To the apparent altitude of the centre add the coriretion in altitude, that is, 

the parallax in altitude minus the refraction, and the true idtitude of the centre will be 
obtained. , Subtract tins from 90 ’, and them by adding* or subtracting the moon's 
j declination at the time, as in the case of the sun, the latitude of the place will be 
\ ascertained. , 
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LATITUDE FROM THE MOOJI ABOVE THE POLE. 


Examples, 

1. On May 27, 1846, in longitude 49® W., the meridian altitude of the moon’s 
lower limb was found to he 47° 18' 30' (zenitl; S.) the index correction was + 1' 
and the height of the eye 20 feet : required the latitude of the ship, 

^ 1. For the mean time at Greenwich when the oheervation was made 

Moon’s transit at Greenwich, May 27 . , Ih. 5Grti. Daily variation, 48‘7m. 
Cor. for long, 49® W. and 48m, variation . 4- Cm. 


Time at ship when alt. was taken . . 2’n. 2m. 

Long. 49° "W. in time 3h 16m. 


Time at Greenwich when alt. was taken 


5h. 18m. 


2. For the mooiis declination aUihat time 

Declination May 27, at 5h. . . 18’ 56' 16" N. Var, in 10m., 26" 55 (dec.) 

Decrease in ISni. =: 2 ' -655 x 18 = — 48" 

Declination at 5h. IS' . . . 18® 55' 28' N. 


o. Foi' the true altitude of the Moon's centre, a7id tktcnce the latitude . — At pago: III. of 
May, in the Nautical Almanac, the moon’s semi-diameter at noon on the 27th is 
IF 1" ; and her horizontal parallax at the same time is 55' 1C". Hence we g<*t the 
latitude thus : — ’ 


Observed alt of moon’s lu L. 

Index cor, . . 1' 40" \ 

•17’ IS' 

30" 

Dip . . — 4' 24" ! 

Semi-diameter f O- i i r" 

-4" 1 1" for augmen. j‘ ' / 

. +12' 

32" 



App, alt. of moon’s centre 

47* ar 

2" 

Parallax and refraction 

, -f 36' 

10" 

True alt. of moon’s centre . 

4S 7' 
90’ 

12" 

True zenith distance 

. 41^ 52' 

48" 

Moon’s declination 

. 18’ 55' 

28" 

Latitude 

. 22’ 57' 

20" 


I It is plain that whatever he Ihe celestial object observed, the eiror in the latitude | 
* jvill be the sum of the errors in the zenith distance and declination when both arc of i 
the same name, and the difference w*hen they are of contrary names. j 

The latitude at sea is seldom computed to seconds, as the exact longitude and time 
at the ship, as inferred froiii the dead reckoning, geneially deviates from the truth. 

It is custfimary, therefore, to aim at deducing the latitude only to the nearest minute : 
thus, in tlie present example the latitude would he concluded to be 22 ' 57' S. 

2. On Dec. 7th, 1840, in longitude 16® W. at lOh. 43ii]. apparent time, the me- 
ridian altitude of the mooi^’s lower limb was 83® 7' (zenith S.), Iho index correction 
-was — r 55", and the height of the eyc^'lC feet; required the latitude to the nearest 
minute. Here the time at the ship being given, we shall not require to take out of 



LATITUDE FROM THE MOON ABOVE THE POLE. 


lOo 


the Nautical Almanac the time of the moon^s meridian, passage at Greenwiclx: the 
Greenwich date, or mean time at Greenwich when the altitude was taken, is found 
thus:— 

1. For ihe mean time at Greenwich when the ohervation was made. • 

Apparent tim^ at ship, Dec. 7 . lOh. 43ni. • 

Long. 16'’ W.*in time . . Ih. 4m. 

App. time at Greenwich . . llh. 47m. 

Equation of time (Naut. Aim. p. I.) . . — 8m. 

Mean time at Greenwich ... llh. 39m. 

2. For ihe Moon^s destination at that iinu\ * * 

Declinati^fii Doc. 7, at llh. . .* 24 46' N. (inc.) Var. iiulO', 80" 

Increase in 39m. = 8'X 39 = . . 6' 


Declination at llh. 39m. . 


24 -' 61' N. 


3. For the true altitude of the Moon^s centre, and the7ice the laiiiude. 


Observed alt- of moon’s L. L . 

Index cor. . — 2' I 

. 83’ r 

Dip. . _ 4'| • 

. . + ir 

S<‘inl-diam. . +17'-' 


App alt. moon’s Cl litre 

. 83’ 18' 

Tarallax and refraction 

• +r 

True all. of moon’s centre . 

. 83' 2-5' 
90' 

True zenith distance 

. 6*^ 35' 

Moon's declination 

. 24’ 51' 

Latitude 

. 18^ 15' 


Examples for Exercise. 

Norn. — In the following examples the latitude is to bo determined to the nearest 
minute. ^ 

1. On the 2nd of May, 1833, the meridian altitude of the sun's lower limb was 
47^ 20' (zenith N ), the index correction — 2' the height of the eye 20 feet, and tho 
longitude by account 32“ E. 

Also sun's dec. May 2, 15’ 23' 21" N. (inc.) Hourly difference 45". 

iSemi-diamcter 15' oS"' (Nautical Almanac). 

Required the latitude to the nearest minute. Ans, Latitude 58’ 53' N. 

2, On Jan 9, 1840, in longitude 116’ W., the meridian idtitudc of the sun’s upper 

limb was found to be 69’ 14' (zenith N.), index error 0, and height of the eye 27 feet. 
Rcquircid the latitude to the nearest minute- » 

Sun’s Sec. Jan. 9, 22’ 12’ S. (doc.). Oor^tion for long, lir 'W., — 8'. Semi- 
diam. 16'. Latitude 1“*2' S. 
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3. On Maj 15thy 1828, the meridian altitudo of the star Spica was observed to be 
33’ 17' (zenith N.), index correction 4* V 10*' ; the star's declination was 10® 1C' fc), 
required the latitude to the nearest minute, the dip heinp; — 5. 

« Ans. Latitude 46 ' 32' K. 

K*, The meridian altitude of the star llig^el was observed to be 8.V 4' (zenith N.), 
the index correction was + 2', and the stiy’s declination* 8* 22' 46" S, ; the height oi 
the eye was 20 feet : rcquii'cd the latitude to the nearest minute. 

Ans. Latitude 3 2 r S. 

5. On feb* 19th, 1823, in longitude 40" W,, the meridian altitude of the moon's 
lower limb was observed to he 66 8' (zenith N.), the index correction was — 2', and tli< ! 
! height oi'the eye 1C feel. ! 

I The moon’s passage oror the merid of (Iroenwich, Kcb 19th, was Gh. ‘Von. i 

j „ „ „ ^ „ „ 20th, wiis 7h.j-.0m, \ 

j Dofelination, Feb- 19tb, at noon . . . . ’ . 26^ 38' 17" N. ^ 

I „ ,, midnight .... ‘iC'" 61' 39 N ; 

I Semi-diameter ... ..... 1C' 12" 

j Horizontal parallax . 69' 32" I 

j Required the latitude to the nearest minute. Ans Latitude dl 1' X. 

G, On Nov. 12, 1858, at 2h. 20ra. mean time, in longitude CO^ 42' W., the meridiah ! 
altitude of the moon’s lower limb was observed to be SO’ 30' 40" (zenith X.), tls^ 1 
index correction wa.s + 10' 42', and the height of the eye Ki feet. 

Moon’s declination, Nov 12, at Ch. . . 2 44' 20" X- | 

I „ „ „ 7li. . .2' 5? 38" N. j 

i Semi-diameter . . . . 16' 12" | 

j Ht>rizontal parallax . . . . 65' 13" j 

Required the latitude to the nearest in in lit 0 . .Vn.s. Latituilo (J1 I;'X. | 

To determine th-e latitude from the meridtoa altitude of a c>M'dial oij&'f v hu/ hriow thf ' 
•pole . — In the diagram at pagr 90, let ? be the po.situm of a celestial ohj et when on 
the meridian of the place whose zcnilli is Z, and bolovr the elevated pde X. the 
altitude of it will be II v, and s X will bo the complvinent of its deeliuation (i.<. ^ 
j Consequently, the altitude added to ihe eo-deehnation wull he the latitude II X of tli«’ j 
place whose zenith is Z (page 8C). The sun is cu the meridian of any place, hi Imw { 

! tho pole, 12 hours after the apparent iioor at that place, consequently 12 hours, j 
increased or diminished by the longitude in time, according as th(‘ place is W. or K. of ; 
Greenwich, will be the apparent time at Greenwich when the observation was ma<le , i 
and the declination corresponding to thr time may be found as in the foregoing j 
examples. i 

For a star, tho deedinati m will bo the same as that given for the day in tlie | 
Nautical Almanac ; aince, as before remarked, the change in the declination of a fixed 
star is insensible till after the laj>sc of several days. 

For the moon, tho time of transit over the raid-day portion of the meridian of the 
i place may bo found as at page 103, and this time increased by 12 hours and by half 
j the daily difference of time, will be tho time of her returning to the meridian below 
: the pole ; and the proper reduction being made for longitude, as in the case of tho 
i sun, tho time at Greenwich*' and thcncf^thc corresponding declination may bif> found, 
j The rule for computing the latitude is therefore as follows •— 

Rvlb.~ 1. Find the declination of the object at the time of observation. 
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I 2. To the observed altitude apply the pro][ver coirectioiui for deducing tSo true 
j iiltitiide. 

! 3. To the true altitude add the co-iioclmation ; the sum will be the latitude, of the 

i same name as tho declination. * 

I • • 

Xiatltude froni the Svtn when b^low the Pole. — As the rule just given 

j applies equally to the sun, moon, or star, special directions for each case will be unne- 
j cesaary ; wo shall, therefore, give a practical illustration of the mode of Avorking for 
, each object separately, and then add an example or two for exercise. Tfc^ following 
j is an example when the object is the sun : — 

j Exxample.— On June 18, 1853, in north latitude, and in longitude 9C' W., the 

j meridian altitude of the sun’s lower limb, at apparent midnight, vsas oJ>8erwd to be 
I 8 ^ 36', the index oorrcction was — 2', and the height of the eye 20 feet ; required the 
1 latitude. • * • 

i For the declination at ike Greenwich time of obserwtiioH. 


Ap;.arcnt time at ship, June 18, 
Longitude 06^ W. in time 

. 12h. Om. 
61). 2im. 

Apparent time at Greenwich . 

. 18h. 24m. 

Sun’s declination at noon, Juno 18 . 
CoiTOction for lSh.*24m. 

. 23’ 25' 36" N. 

49" 

Declination at time t>f observation . 

. '23’ 26' 26" X. 

90' 

1 ) 0 'declinatioii 

. 60’ 33' 35" 

Observed alt. of sun's h.tj. 

Index cor. — 2' A 

Dip — 4' 24 > 

Semi-diaiii. 15' 46 ) 

App. alt. of ctTitro .... 
Refraction and paralla.x . 

36' 0" 

9' 22" 

8" 45' 22" 

— ,y 49*^ 

True alt. of centre ’ ' ^ • 

Sun’s CO- declination 

8’ 39' 33" 

. 66" 33' 35" 

Latitude 

. 75’ 13' 8" X. 


XiatHvde firom a 8taz when below the Pole,— In northern latitudes, the 
star called the polo star is very convenient for the purpose of fining the latitude of 
the ship, and is, therefore, frequently observed by mariners for this object. The 
following is an example * 

Kxampje.— On March Ist, 1823, tfae observ^ altitude df the pole stai’ when on the 
meridian below the pole, was 30^ 7', the index correction was + 2^, and the^height of 
the eye 18 feet • required the latitude. ^ 
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H' 

Observed altitude of pole star 

Index cor. + 2' ) 

Dip . . — 4' 11" ) * ‘ h 

. 30” 7' 0" 

— 2’ 11" 

f 

Befraction ... 

■30’ 4' 49" 

- V 38" 


True edtitude of star .... 
Co-declination Mar. 1, 1823 . 

. 30’ 3' 11" 

. r’ 38' 2" 


Latitude 

. 31’ 41' 13" N. 

Latitude the Moon when below the Pole. — The preliminary cor- 

rections for the moon, as already ? con, are more numerous tb,an those for tlio sun or 
for a stsh", a specimen of them is given in example 1 page 104. These corrections arc 
of course the same whether the moon be observed on the meridian above the pole or 
below it. In the following example the moon’s declination is found as at the page 
just referred to, so that the reductions need not be repeated here. 

Example.— On the 27th of May, 1816, in longitude 49’ AV., the meridian altitude of 
the moon’s lower limb, when below the pole, was found to be 7’ 12', the index correc- 
tion 'was — 1' 40", and the height of the eye 20 feet : required tlic latitude. 

The moon’s declination at the time w-hen the observation was made was found at 
page 104 to be 18’ 55' 28" N. . hence the operation for finding the true altitude of 
the moon’s centre, and thence the latitude of the place is as follows 

• 

Observed alt. of moon's Ti L. 

Index cor. , — 1' 40" \ 

Dip , . , — 4' 24" ! 

Semi-diam. ) i 
augmented) + ) 

App, alt. of centre . . , . 

Parallax and refraction 

. 7’ 12' 0" 

. 7' 21' 12" 

. -i-47'31" 


True alt. of moon’s centre . 
Co-dcclination 

. S" 8' 43'' 

. 7r 4' 32" 


Latitude . . 

. 79’ 13' lo" 


Examples Jbr Exercise, 

1. On June 28, 1841, in longitude 126" AV., the altitude of the eun'a lower limb at | 
midnight was 6° 28', the index correction was -J- 2' lo”, and the height of the eye 
20 feet ; required the latitude to the nearest minnt(', the sun’s declination at noon, 
Greenwich time, on the 28th being 23’ 17' 59" X. d<aToasing, and his semi-diameter 

45 '^. Ans. Latitude 73’ 19' N. 

2. The observed altitude of the sun’s lower limb, when on the meridian below the 

pole was 7 * 5' ; its declination at the time of observation was 23’ 8’ 17" N., its semi- 
diameter 15' 45", and the height of the eye 20 feet : required the latitude, the index 
error of the instrument being 0. Ans. Latitude 74” I' N. 

3. Juhe 1st, 1823, the observed altitude of the star Capella, when on the meridian 
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TO FIND THE LATITUDE FROM THE DECLINATION, ETC. 

• — — 

below the polo wa« lO"* 1' 30'\ its declination was 45"* 48' 27" N., and the hSight of ' 
the eye 17 feet: rc(imred the latitude. Ans, Latitude 54® 4' N. 

The foregoing examples exhibit tie different means of determining the latitude at 
sea by talcing the altitude of a ccYcstial object whon upon the meridian of the ship. 

[ Whenever practicable, tlTo lyin is always the object obserred ; and its mid-day altitpdc 
is that which is to be prefened, because at mid-day it attains the greatest elevation, 
and the refraction is less liable to variation from the mean state of the atmosphere. 
The altitude below the elevated pole can be taken only in high latitudes, where the 
sun is above the horizon during the whole twenty-four hours for a part of the summer, 
and therebiro the horizon*clcarly visible : the obscurity of the horizon often precludes 
the possibility of accurately measuring the altitude of a star ; and on account of its 
rapid (bange in declination, the moon is less suited for the purpose of deducing the 
latitude, when tb< re is much uncertainty as\o the longitude of the ship, or the time at 
(trcenwich, when tlie observation is made. In preparing for a meridian altiUide, the 
observer holds himself in readiness, bebn-e the olject attains its greatest elevation, and 
continues to oh<^vTyo it till it ceases to rite and appears for a momont stationaiy ; ai 
this instant it's altitude is noted, and it is regarded as upon the mciidian. Strictly 
speaking, however— at least as respects the sun and moon — the centre of the object is 
not necessarily exactly on the meridian when its altitude is the greatest or least ; for 
the change in declination may more than counterbalance its change in altitude during 
the fi‘w minutes which precede its meridian transit, especially in the case of the m^cti ; 
but lliCRO differences arc too triflir.; to lead to any*<‘iTor of practical importance. It 
may, however, happen that the ol'jcct becomes hiddtn by a (doiid at the tinn’ of transit, 
sn that the meridian observation cannot be made it is of importance, therefore, to 
take note of the altitudes before the transit, as an altitude near tho meridian may be 
raadi* available for tlio determination of the latitude, as we arc now about to show ; 
we shall first, however, explain how to find the latitude generally when the object 
observed is off the meri«iian, provided the hour angle, which its declination-circle 
riiak(«* with the meridian the ship, js known. 

To find the Latitude from the Beclination, Altitude, and Hour 
Angle. — Let Z be the zenith and PMZ the cclc.stial meridian of tho ship, P tho 
ek*\.’iTed pole, and S tho place of the heavenly body 
off the meridian ; then PS is tlie eo-declination, ZS 
the Cl*- altitude, and VZ tlie co-latitude. In the 
sxhcricai triangle I’ZS, there is supposed to be kno^\n 
the tliree paitM, PfN, 7S, and the hour angl^ P, winch, 
for the sun, is tho time from noon. Hence, by 
Spherical Trigonometry, PZ the co-latitude may be 
found (Mathematical Sciences, page 411). But the 
following method, by right-angled triangles only, will 
be more easily recollected. 

Draw SM, perpendicular to tho meridian : we 
shall then have two i^ht-angled triangles PMS and 
ZMS, and applying Napier's rules to these (Mathe- 
matical Sciences, page 409) we have — 

From the* triangle PMS, taking P for middle fart, and PS, PM, for adjacent parts, 
cos P = cot PS tan PM tan PM = cos P tan PS . . (1) 
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fiom tihe same triangla, taking the kypotenoao PS for middle part, and PM, SM, 
for oppoeite parts, , 

cos PS = cos PM cos SM . . (2) 

And imaifiie triangle 2IMS, taking in like mannir the hypotenuse ZS for aaddle part, 
and ZM, SM for opposite parts, 

cos ZS :== cos ZM cos SM . ' . (S) 

ISkerefoare di-riding {%) by (3), in order to get rid of SM, we hare 

cos PS ooa PM , --- no /^v 

ooa'ZS ^ cc^ZH *** ^ ^ 

As ZM is thus expressed in terms of the given quantities, and as PM is also in like* 
maimer known from (1), the difference (or the sum, if M fall between P and Z) VZ, 
that is, the co-latitude becomes known. 

The fonnulie (1) and (4) to be combing are 

• ton PM =: cos hour angle X cotan dec . ) / 1 v 

cos ZM = cos PM sin alt. X cosec dec. ) ' ' 

To know the hour-angle P, it is necessary to know the time at the ship. The chro- 
nometer shows the mean fime at Greenwich ; and hence, by help of the longitude by 
account, we may ffnd the mean time of obsei^'ation nearly ; this, reduced to apparent 
time, by applying the correction for the equation of time taken from the NauticAl 
Almanac, will make known the time from apparent noon at the ship. The longitude 
hf account is, however, most likely affected with error, and it is therefore desirable 
t^t the altitude off the meridian be taken at such a time as that a small exror in the 
hour angle may have the least influence on the determination of tan PM, Now’, when- 
ever we have to employ the cosine of a small angle, and have reason to suspect that 
the angle itself has not been accurattdy dotermined, the error in the eosinc will be 
smaTler as the angle itself is smaller ; for the cosines of arcs near the beginning of the 
quadrant differ very little from one another within the limits of several seconds, and 
the difference becomes less ns the arc approaches to zero (sec IxTBonucnoN, page 28). 

It follows, therefore, that when the time at the shi^ is only opproximatidy know’n, 
the altitude should be taken when the object is as near to tlic meridian as it is Ulccly 
to be before being obscured by clouds. 

The formula? just established is, we see, generally applicable, however distant from 
the meridian the observed object may be, provided, wc know the ajporent time at the 
ship ; and we see, also, that they may be t»nplt)yed when tht* time w^ar/y is known, 
provided the object be pretty close to the meridian. But for this latter case there is a 
special method somew'hat more convenient, which may be investigated as follows : — 

Referring to the preceding diagram Vc have, by the fundamental theorem of 
Spherical Trigonometry, which expresses the relations among the three aides and cmc 
of the angles of a spherical triangle, 

cos ZS = cos PZ cos PS — sin PZ sin PS cos P 

cos ZS — f'os PZ cos PS 

cos P z= - . 

sin J'Z sin 

Let z be the zenith di^ncc that 8 would have when upot^ the meridian, and %' 
the difference between this meridian zenith di.stanee and that Z8 actually observed, 
that is, let ZS z -f- z' ; than the equation al>ove is 

^ cos (z z') — cos PZ CO? PS 

cos P = ^ S 

sin PZ Bin PS 
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. - - ■ ^ . . 

SubtractiDg each side from. 1, we have • 

1 _ cos P = 2 sinM p = -> CW (« + Z') 

• sm PZMnPS 

cz (PZV PS) — CM (g -i- 

• sin PZ sin • 

Xow VZ y* PS, that is, tfie difference between the oo-latitude and the oo-deolination 
is equal to Z, the meridian zenith distance, becanse the co-latitude PZ is always equal 
either to PS + z, or PS — z, or z — PS, the latter being the case when S is b^w 
the pole (see the diagram at page 96). Conseqixently 


: sin- i? 


cos z — cos (z + z*) cos z — cos z -p sin z sin z' 


sin PZ sin PS 


sin PZ sin PS 


If the difference %\ between the meridian zenith distance and that actmdly observed, 
be so small that cos s' nfhy be regarded as equal to then we shall have • 

. „ , « sin z sin y! “ 

, 2 sin® jP = SIS : 

sin PZ sin PS 

/. sin z' = 2 sin PZ sin PS coseo z sin* JP. 

The number of seconds in the arc z' is very nearly equal to the mumber of limes 
t-in ?! contains sin 1" : consequently, 

2 . . . ft 

Xo. of seconds in v! =r — - sin PZ sin PS coscc z sin® ^P • 

sin 1 

• 2 

= . — cos lat cos dec, cosec z sin® A hour angle 
sm V - o- . 

1 v apply this formula, we must of course know z, approximately : this is deduced 
from the latitude by account. By the aid of this approximate latitude and the small 
1 h>u: - angle P, wo may therefore discover what correction z' must be applied to the 
ziiiith liistaiicc actually observed to reduce it to the meridian zenith distance, from 
wliirh tin* eorrcclcd latitude is easily qbtained, as in the examples already given. 

A tesuU still more perfect may in general be anived at, by proceeding anew with 
this eon’ccted latitude, w'riting it in the formula in place of the latitude by account^ 
un<l thus getting a more accuiate correction for the reduction of the observed to the 
tn,<' inrridiaii zenith distance. The additional work for this purpose will bo but 
trilini'^ 

Tbt formula just dcducc^d, furnishes the following nile for deriving the latitude by 
;n I the latitude by account, and from the observed altitude when near the meridian 
V t u ( clealial object u hoso declination is known. The mimbcr o 015455 is the logarithm 
2 

of . , • 

sm V 

Latstude from an Altitndw near the Mezidian, the declination, the 
Hour Angle, and the lAtitnde by Account. — Pule 1. Take the declination 
of the object for the Greenwich time by account, and add it to the latitude by account 
when they arc of different names ; otherwise, take the difference of the two : the resifft 
is the meridian zenith distance by account, 

2. If the object be the sun, the apparent time from noop is the hour-angle : fcjr any 
otbc ' ohjeet, add the sun’s right asoenrion, toWthe apparent time since preceding tioon. 
The difference between this #im and the objeoPs right ascension is the hour^glc. 
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3. Add together the foUowing logarithms : — 

The constant logarithm 5*616455, 
log cosine of the latitude by account, 
log cosine of the declination, ** 

^ log cosecant of the mcr. zenith dist., as deduced from the two latter, 
twice log sine of half the hour-angle. 

The sum, rejecting the tens from the index, is the logarithm of a number of seconds, 
which subtracted from the true zenith distance, deduced from the observation, gives the 
meridian zenith distance. If this and the declination are of the samo name, their sum, 
othorwipc their difference is the latitude, of the same name as the greater. 

Examples. 

1, In latitudc*48' 12' X. by account, when the sun’s declination was 16"* 10' S., at 
Oh. 16ii^. p.m., apparent time, the sun’s true zenith distance was 64® 40' N. : required 


the latitude. 

Constant log . . . 5'C15455 

Latitude by acet. . 48M2' X. cos . . . 0-823821 

Declination . • 16’ 10' S. cos . . 9*982477 

Mer. zen. dUt. ncct. . 64® 22' coaec . . . 10*044995 

Half hour-angle in deg. 2’ 0' 2 sin . . 17*085638 


log 2*552386 


00)357’ 


Reduction .... 

-5' 57 

Zen. disl. from ub8er\'ation 

. 64’ 40' 

OX. 

'Iruc mer. zen. di^t . 

. 61 '3T 3 X. 

D(.clination 

ft 

16 10' 0 S. 

Latitude . 

. 4S'24' 

3" X. 


j This example is from Mr. Iliddle’s Treatise on Navigation and Nautical Astronomy, 
t We shall now solve it anew by putting the latitude hert* deduced in place of the 
latitude by account. 

Constant log . . . . 5*615455 

Latitude . 48’ 24' 3" X. <os . . 9*822117 

Declination . 16® l6' 0" S. cos . . 9*982477 

Mcr, zen. dist. 64'" 31' 3'' cos»'c . . 10*044208 

Halfhour-ang]^- .2' 0' 0" 2 sin . 17*085638 

Reduction . . 355" log . 2*549955 

Tbe difference between this and the former reduction is only 2", so that the cor- 
rected latitude is 48® 24' 5" X. * 

It may hero be remarked, that as fractions of a second are disregarded in the 
“ Reduction,” the logarithms used in fk ding it need be taken out of the table only to 
the ncarefnt minute of each of the angular quantities. # 
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If the formulflB marked (A) at page HO be applied to the preceding example, tbe 
"Work will be as follows - 

Referring to the diagram at page^ltO, in connection with the formnl® (A) we have 


1. tan PM = cos hoar aog. cotan doc. 
cos 4’ 0' . . 9-998941 

cotan 16’ 10' . . 10-637758 < 

2. cos ZM is; cob pm cQsec dec. sin alt. 
cos 73® 47' 45" . . . 9-446A9 

' oosoc 16® 10' ... 10-555280 

tan I’M 73’ 47' 45" . 

. . . 10-636699 

sin 

cos ZM 

. , 

64® 36' 20" . . 

. 9-631326 

ZM 64’ 36' 20" 


. 9-632305 


138® 24' 6" = 90^ 4- latitude, since lat. and doc. have different names. 

90 ^ • • • 


48^ 24' 6" == latitude N., the same as before. 


In this example the latitude is north, and the declination south, so that P9f , in the 
general investigation of the formulae, is in this particular < case P'M, and therefore 
P'M -}- ZM — 90’ is the distance of Z above the equinoctial, that is, it Ls the latitude 
of the ship. 

In finding the latitude by the above formul® (A), it is of course necessary ^ 
ascertain on which side of Z the foot M of the perpendicular from S falls, thatris, 
whether ZM is to be added to or subtracted from PM ; but whether the correct co-lati- 
tude is PM — ZM or PM + ZM, cau be matter of doubt only when ZM is so small as 
to make it of little consequence which bo taken. But as the method by the rule is free 
from all ambiguity, it is to be preferred when the object is near the meridian. 

2. In latitude 50’ 50' N. by account, when the sun’s declination was 11® 41’ 68" K. 

at 12ni. 3s. from apparent noon, the sun’s true altitude was 60® 52’’ 29" : required the 
latitude. Ans. Latitude 50® 47' 49" N. 

3. At 3h. 5m, 36s. apparent time, the sun's true altitude was 85® 4’ 7", and his 
declination 10’ 64' 26" N. : required the latitude from the formulas (A). 

Ans. Latitude 50® 48' 23’' N. 

4. At 18m. 46a. from apparent noon in latitude 8® S. by account, the sun’s true 

altitude was 74® 16', and his declination 23® 27' S. : required the latitude to the nearest 
minute. Ans, Latitude 8® 23' S. 

6. In longitude 0® 45’ W., at 1 Ih. 2m. 32s. apparent time, the observed altitude of 
the pole star was 51® 22', the index correction being — 2'. For apparent noon at 
Greenwich, on the day of observation, thd' Nautical Almauac gave the following 
particulars 

Sun's right ascension, 6h.'51m. Xl^s. 

Star's right ascension, Ih. Im. 418. 

Star’s declination 88® 26' 56 

Required the latitude to the nearest minute by the formulae (A). 

Ana, Latitude 61® 47' N, 

Avtifleial BoyIxoil. — ^Thc problem just discussed will be found very useful at 
sea whonevpr the mariner, on account of cloi^y wcathcr*coming on near noon, is 
disappointed of a meridian latitude. A*? the object may be obscured though the 
liorizon may be clear and well defined, >'o on the other hand the celestial body may be 
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visible «uid in « position well suited for observation, and yet a haze may ol)scure tbo 
horizon. In such a case an artificial horizon is employed ■ this is a shallow trough of 
quioksilver, protected from agitation from the blt by a glass covering or roof. 

The observer, placing himself at a convenient distance from this horizon, so that 
hoih the celestial object and its reflected image may bo distinctly seen, measures with 
his sextant the angular distance between ^ho two ; and us the real object is as much 
above the horizontal plane as the image is below it, he thus gets double the altitude, 
and has no coiToction to make for dip : the angle road off from the instrument, being 
ooiteeted for the index-arroT and divided by 2, gives the apparent altitude of the point 
observed. 

To get a meridian altitude of the sun is one of the principal items in a “ day's 
work*' at sc^ for. correcting the latitude by the dead reckoning ; if the weather inter- 
fere with this operation, then an observation off tho meridian is sought for, and the 
latitude inferred by help of the Apparent time at the ship, hs explained in the pre- 
ceding article. The reader will bear in remembraucf that a ship earner the mean 
time at Greenwich with her : the ship's chronometer, when the known daily gain or 
loss is applied to it, supplies this important information. The apparent time is deduced 
therefrom by moans of the equation of time given in tlic Nautical Almanac, and the 
apparent time at tho ship is. ascertained by turning the longitude into time ; and thus 
the hour-angle of the object observed from the meridian is found. The longitude by 
Jcfount may be somewhat in error ; but the trilling inaccuracy in the resulting lime 
at the ship will have no important influence on tho latitude deduced from it. 

But valuable as the chronometer is, yet, like oil human contrivances, it is subject 
to accidents and exposed to derangem.'iiU from circumstances beyond our roiilrcl. It 
is of great importance, tliereforc, to be able to find the position of a ship at hea inde- 
Iiendentiy of its aid : this wc have seen, a» far as laiitwh is con(*cmed, may be done 
by means of meridian altitudes. It may also be done by aid of iv'o altitudes of the 
same celestial object taken off the meridian. This is tec hnically called the problem of 
douhU altitiulea ; wu proceed now to invcstigaVc its principles, 

Irfitltude firozn Two iiltitwdoB of the Sun, and the Time hetweea the 
OhserwatiOlia.— Scarcely anv probbun in nautic*ii a.'>troiionjy ba.s received mort' 
attention from sciontitie men than the problem of douhk attitudes ; and. as the cal (di- 
lations involved in it are much longer than those for tindinc: the latitude from a single 
altitude, various tables to facilitate the oT»v'i\»ti<>ns have licen constructed The deter- 
mination of the latitude, by help of snch tables, is ^vhal is called the indirect method 
of aolntion ; and, like* all such methods, it is not ro strictly correct as the direct im*thod 
by trigonometry. Delaiubre carefully ckamiued all tlie rul(*s he was acquainted wiUt 
for the solution of the presert problem, and ho came to the ((mclurion llmt tho rigorous 
process by ^horical trigonometry was to l»c prefomed, as well for brevity as for accu- 
racy of result. The investigation of the direct method is as follows:— 

Let P be the elevated ].'de, 7j the zenith of the ship, and therefore Z P its oo-lati- 
tude. Let S, S' be the two places of the sun w^bou the altitudes arc taken ; then 
drawing the greet circle arcs, as in the annexed diagram, or in Uiat at page 100, we 
shall have the fbllovmg quantities given, naraelv, ~ 
no co-declinations PS, 1^' ) 

The co-altitu^is . . ZS, ZS' > To find ZP. .. 

Tho hour-angle , . SPS' ) 

Th^e arc three spheriqpl triangles to consider, namely— 


I 

1 

1 

i 
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1. The triangle I\SS\ in which are given the two sides PS, PS', and their included 
angle, to find the third side SS', and one of the 
remaining angles, as, for instance, the angle P8S'. 

2 The triangle ZS8', in which are given the 
I three sides, to find the anglS S'SZ ; from whidi, and 
I tltc previously-found angle PSS', the aSigle ZSP 
' hccomes known, so that we have, 

I 3. The triangle ZSP, in which are given two 
I hides and their included angle, to find the third 
' sideZr 

Before proceeding to tlic solution of those trian- 
' gles, the observed Jtitudes must of course boiredueed 
U\ ihe true altitudi^s, as^u the former examples; an(J 
'^iiiccj the ship most probably sails on during the 
interval between the two observations, an additional correction becomes necessary, in 
order to re<biee the first altitude to what it would have been if taken at the place 
(d‘ the second observation. This con-ee.tion for the ship's run will become known, 
provided wc know the u umber of minutes the ship has sailed directly towards or 
din*(*tly from the sun in tbe time between the two obbervations ; and they may be 
a'ieertaincd as follows ■ — ^ 

Take the angle included betW' cn the ship’s course and the sun’s bcaiing at^he 
first observation ; and considering this angle as a course, and the distance sailed as the 
coiToponding dist.inee, find by the traverse table, or by talculation, an in plane 
.ailing, the dilfeienoe of latitude; this difforcncc o4 latitude, expronbcd in minutes, 

M ill Ijc tb(‘ ninnber of minutes by which tbo ship has apiiroached lo or receded from 
tlic san, >0 that we shall know how many minutes must be added to or subtracted 
fr()Tn the first altitude to rodii<-o it to what it would have been if taken by another 
• il^sei Vr r at the place of tin* se<‘Oiid observation. 

If the angle between the .ship's track and the bearing of the sun be less tlian 90 , 
tlie .‘•lap Mill obviously bo approiuliing tow’ards th(‘ bun, in w'bich ease the cornetion 
of the altitude, dcUrmmed as abovi*, must bo added; but if the angle exceed 90', it 
must b- subtraetfd : if it bo exactly 90" no correction of tbe altitude Mnil be ncccsary 
fir th(' ■'hiji'a, change of placo. 

But Lui'ieetion of the elapsed time may bo rciiuisitc for the ohangc of longitude , 
tills cliaugo, converted into tim(', must be added to the elapsed time between tlic two 
n I »sei rations, if the ship have sailed eastward, and subtracted if she have sai]e<l 
westward. 

These arc the eorrcctions ncces.sary to fit the three triangles above for trigonome- 
trical calculation And to simplify the w’ork of finding SS’, without any material 
^at'iificf' of accuracy, we may ri'gard the declinations of the sun at the times of obser- 
vation, as both equal the declination it has at the middle time between tliem ; the 
shorter this time is, the less M ill the supimsition afleet the precision of the result. 

Begarding th<‘ aliove mentioned corrections to have been made, m o shall now give 
an example oi the trigonometrical operation. 

, £.ra tuples^ * 

Tlic t>vo corrected zenith distance- are • 

ZS = 73' or lo , and 2S' = 47^ 42*51", 
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the corresponding co-declinations of the sun are 

PS = 81“ 42' N., and PS' = 81“ 45' N., 

and the interral of timo between the observa^'ions is three hours: required the 
latitude. 

^For the more easy determination of SS',lct it bo regartfod as the base of nn isosceles j 
spherical triangle, of which each of the eqilol sides is |(PS -f PS') = 81' 43' 30", the j 
vertical angle at P being 3h. or 45“ ; then if the perpendicular PM be drawn, the j 
triangle PMS will be right-angled, and we shall have given 

PS = 81“43'30"anaP = ^^’ = 22’30' ] 

to find SM = ^ pS’ as follows . — 1 


1. In tite triangle PMS to find SM. - 


sin PS, 8r43'30" 
sin P, 22“ 30' 0" 

sin SM, 22^ 15' 11" 3 


00954547 

9-5828397 

9 5782914 


SS' =z 44“ .30' 22" 0 


2. In the triangle PSS' to find the angle PSS*. 

sin SS', 44"' 30' 22' ‘6 Arith. Comp. -1542898 
sin PS', 8r45' 0" „ 9-9954822 

BinSPS' 45“ 0' 0" „ „ 9-8494850 


sin PSS' 86“ 38' 58" 


9*9992570 


Z, ' In the triangle ZSS' U> find the angle ZSS' 


ZS', 
Bin ZS', 
Bin SS', 


47’ 45' 51" 
73“ 54' 13" 
44“ 30' 22"-6 

'2)166“ 10' 26"'»3 


Arith. Comp. 
Arith. Comp. 


•017,3686 

•1542898 


A sum == 83“ 5' 13"'3 
Bin (i Bum — ZS), 9“ 11' 0"'3 
sin (i sum — SS'), 38* 34' 50"*7 


ein (i ZS5', 22’ 36' 26"-4 

ZSS' = 45’ 12' 62"-8 
PSS'*= se* 38' 

PSZ' = 41’ 26' 6'’-2 


. 9-2030206 

9 7949179 

2)19-1696969 


9-5847985 
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4, In the triangle Z8P to jind ZP, (See the investigatToii below). 

tan PS, 81^42' 0" . . 10’8359^17 cos PS 91594364 

cos PSZ, 41'* 26' 5"'2 . . 9-8748930 sin <t> Ar. Comp *7189561 

0'4r'-2 : , 

ZS= 73 '> 54 ' 13 " * . sin ZP, 48* 49' 59''-7 . . . 9-8766779 


« + ZS=84'’64' 54''-2 


Hence the latitude is 


As ZP is here found by a method not always given in works on Spherical Trigono- 
metry, we shall subjoin the investigation of it. Representing, a§ usual, the three 
sides of a sphr'ric a triangle by a, 6, r, and rfe angle included by the first two by C, 
we have, by the fundamental formula of Sphericill Trigonometry (Mathevaticat, 
Sciences, p. 408), 

cos r = COB a cos ^ -(- sin a sin cos C. 

. . sin a 

^ h-, tiDce sin c = cos - = cos a tan a, 
c(« a 

cos c = cos a (cos 6 + tan a sin ^ cus C). 

Tut cot <4? for tan a cos C, that is, let • 

« 

cos fc> ,,V 

ton cos C = cot fa) = . . . (1) 

> CIT» ... ' * 


Then wc shall base 


«in fa) eos h 4- sin h eos w 
1 03 <? = cos a A— 


, ^ . cos ^ sin (fa) 4- h) 

that IS, cos r = ; — 


Tlio expros&ioiid (1) and (2) aic* those calculated above }a the pro eding solution 
Tnore attention is paid to minute quantities than is at all necessary in actual practice at 
Bctt, where fractions of a second are of course disregarded. ITei in lengthy operations 
seconds themselves ought not to be entirely neglected, except in those confessedly 
appnjximative methods which the indirect i)roccssc8, by peculiar tables^ generally aie. 
The ly departure from strict mathematical rigour in tlic foregoing work is in the 
first part of it, where the arc SS' is supposed to bo equal to an arc subtending the same 
angle at P, the sides of this angle being tj^e mean between the two slightly differing 
co-declinations PS, PS'. Jt is plain, from the small amount of this difference, that the 
fictitious arc cannot vary in length from the real arc SS' by a quantity deserviug oS 
any consideration, when the time between the observations is not unreasonably great. 

By any one familiar with the practicjJ solution of spherical triangles, the method 
here illuslraled will be preferred to the indirect methods adverted to above, for the 
operation, tlmugh rather long, lays no burden upon the memory, and is moreover free 
from the inaccuracies — small inaccuracies no doubt — -which indirect metliods are always 
affected with. A distinguished practical navigator, Captain Kaler, after the example 
of Dclambre, gives the preference to the direct process . tlfc preceding exercise is taken 
from the former writer ; but the latter part o^the solution is conducted differently. 

2. On the 7th of February, 1S46 in latitude by account 35® N , and ’longitude 
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47^ W., at Bh, 48. A^ mean time, the altitude of the sun’s lower limb y^ ua j 
36’ 10', and his bearing S. J E. : after running N.E. 27 miles, the altitude of tlie | 
kyirer limb at llh. 30m. 18s. was obsexred to 41* 20. ; the height of the eye was 
20 feet ; required the latitude of tho ship when tlfo second observation was made. 

f declination 

From the Naut. Aim. 4 Fob. 7 at noon 15® 19' 32" S. ^ ... w. 

( 8 . . . 15“ 0-40-S. Scmi-d>am.l6M4. 


1 . Fbr the true altitudes of stai' s centre. 

First alt son’a LX. ... 36® 10' 0" i Second alt sun’s L.Ii, . 
Dip . . — 4* !%!’ J 4- ir 50" ' soini-diam. . . 

Semi-di. 16* 14” > ‘ ‘ i 

I Apparent alt 

App. alt 36® 21' 50" j Kefraction and par. . . 

Refraction and par. ... — 1' 10" j , . , 


' True altitude 


True altitude 


36“ 20' 40" 


. 4r 20' O’ 

. + ir 50" 

. 41 '31' 50" 
— 5vS" 


The angle between the sun’s bearing S. i E. and the course X.E. is 11 j points, Si> 
tl at the ship has sailed within 4j points of the direction opposite to the sun, a di.s- 
tanoe of 27 miles. With this distance and 4i points os a course, the Traverse Table 
gives 18' for the corresponding difference of latitude, which is the number of minut(‘s 
the ship has receded from the sun during the interval of the ohseiTation.^ . hence these 
18' must be subtracted from the first true altitude to reduce it to what it would hav(' 
been if taken by another observer at the place of the second observation consequently 

the true altitudes at this second place, taken at the staled times, are i 

I 

36’ 2' 10" and 4r 30' 52 " j 

ZS = 53“ 57' 20" and%^S• = 48 2y' 8". | 


2, For the co^dedinatwm PS, PS'. 


Ship’s lime Feb. 6 . 20h. 9m. ds. 
Long, in time . . 3h, 8m. 0$. W. 

Time at Greenwich . 23h. IZm. 4«. 

De<‘, Feb. 6 15’ 38' 9" var 46" 5 

. 17' 49" 23 

Declination 15“ 20' 20" S. 1395 

90® 930 


PS =5s 105“ 20' 20" 


6} 106-95 


Shix)’s time Feb. 6 . . 23h. 30m. 18s. j 
I^ong. in time .... 3h. 8m. Ojj. ) 


Gr. timeFeK 


2h. 38m. IfU. 


Dee. Feb, 7 15 10' 32 ' var. — •47' -2 


Declination 1 5 ‘ 1 7 ' 34 " S. 

90’ 

PS' =: lOo' 17' 34" 


6)11-80 


The decimal part of the minutes, in the f^on-ecUon for declination, is reduced to second^ 
by multiplying by 60. 
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3, mffh SPS\ 

Xisne of first obsezvatioii . ^ Sh. 9m. 4s. 3h. :=? 45^ 

„ second .• llh. 30m. 18s. 21m.* = 5^ 15* 

Interval of time • . . 3h. 21in.l4s. Hs, =s 3' 30"' • 

the angL SPS', in degrees, = 60=* 18' 30" 

Hence in the isosceles triangle PMS we have for each of the equal sides 

j(PS + PS') =r 106* 18' 67", and Ibr half the vertical angle 26® 9' 15". 

1. In Akc thdHfie PMS toJM SM. 

sin PS, lOS® 2(K 20" . • . . . . 9*98424|9 

sin F, • 25* 9' U" ...... 9rfi284464 ^ 

sinSM, 24Mr58" 9-6126933 

2 

SS' = 48’ 23^ 66" 

2, In the tt'iangle PSS' tn find Uit augk THS*, 

tfinSS', 48’2T66" Arith. Comi^. -lasaaSl • 

sin PS% 105Mr 34" „ „ 9*9843431 

sin SPS', 50' liT 30" „ „ 9*8862044 

sinPSS', 83’ ri7" „ „ 9*9967706 


3. In irumpk Z^S%fimd the tmgle ZSS'. 

ZS', 48 '29' 

sin Z.S, 53 ' 57' 20" Arith- Comp. •0922566 

sin SS', 48’ 23' 66" Arith. Comp. -1262230 

2)150* 50' 24" 

i sum = 75’ 25' 12" 

8in(Jsum— ZS\ 21* 27' 52" ,, ,, 9*5633906 

siii(f. sum— SS'}, 27’ VIS" •„ „ 9*6673607 

2)19-4392309 

sinJZSS' 31* 37' 27" „ n 9*7196154 

ZSS' == 03* 14' 64" 

PSS' = 83’ r 17" 

PSZ == 19 ’ 46' 23" 

• 

• Uivldo by 4, and reckon every unit of remninder as 15 nmiii/er, if minutes bethediyitod; «r 
tf^condsy if seconds be tbe dividend. • 
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4. 

tan PS lO.r 20' 20" . 
cos PSZ ir 40' 23" . 

, cotw 16M5' 2" . 

ZS =z 53" 57' 20" 


In the triangle ZSP^ to find ZP. 
10*6617760 008 PS . 

9*9736081 sin'w^Ar. Comp. 

sin (ft>, ‘4" i^S) . 


10*6353841 


sin ZPjISS" 


20 ' 


. 9*4226245 
•6630929 
. 0*7864647 


9*7621821 


« + ZS = 37" 42* 18" 


Hence the latitude is 35" 20' N. 


Not^. It may happen, in low latitudes, that the arc SS', if prolonged, would cut 
the meridian PZ between P and Z, in which case the angle PSZ will not be the 
difference between the angles PSS', ZSS' ; and the sum of these angles must be .taken 
instead. In chscs of doubt, therefore, the Wst portion of the work should be modified on 
this second supposition, and that one of the two resulting lat'tudcs taken which best 
agrees with the latitude by account. (See the diagram, page 109). 

It may be also noticed that the error of a few minutes in the estimated mean time 
at the ship will be of no consequence in deducing the declination \ but as an error in 
the elapsed time, and therefore, in the corresponding polar angle, is to be avoided, the 
elapsed time should be taken from the chronometer, or a good watiih. 

3. The two corrected altitudcs'of the sun are 42" 14' and 16’ 5' 47" ; the corres- 
prnding decimations are 8" 16' 30" N., and 8" 15' X., and the time between the 
observations is throe hours : required the latitude*©! the place. 

An<?. Latitude 48’ 64' 27" N. 

4. The two corrected /cnith distances are 54“ 39' and 19® 59' ; the coiTcspouding 

declinations are 5“ 31' 6" S. and 5" 28' 51" S., and the interval of time 2b. 20m. 
required the IS. latitude. Ana. Latitude V 29’ 28" N. 

5. In latitude 29' 10' S. by account, and longitude 124’ W., the sun being ob- 
scured at noon, its altitude was taken at about 20in. past nooiu the chronometer at 
the time showing 9h. 49m. 205.: atlOh. 44m.^453., by the same chronometer, the 
altitude was again taken. In the first observation the altitude of the upper limb was 
found to be 45° 33' ; in the second the altitude of the lo^er limb was 42" 8' 30", at 
which second observation the sun boro X. \ E. rhe ship's course betwet n the ob- 
servations was X.W. JW., and her run C miles ; the allowance for dip was — 4' 30", 
and the Nautical Almanac gave the folk wing particulars for noon of the day at 
Greenwich • — 

Sun's declination from Xaut. Aim. 16’ 34' 4" N. , hourly var. 42''*8. 

Semi-diameter from ditto, 15' 52" m 

Pequiied the latitude of the ship when the greater altitude was taken 
* Ans. Latitude 28’ 0' S. 

Note.— W hen, as in this Inst example, the latitude at the first observation is to bo 
found, and the sun’s hearing is taken at the second obscr\'alion, the point oppottik to 
that of the ship's course from the first position, is to be used in reducing the second 
altitude to what it would have been if taken at the first position of the ship. 

If the Sim's true bearing, or aztmuthy rcuild he taken with precision at cither place 
of observation, there would |bc no necessity for a second altitude, Iwcauso in the 
spherical triangle ZPS, foriiied by thep>-latitude ZP, the co-declination PS, and the 
co-altitude ZS, the angle Z would then be given ; and this, together with ZS and PS, 
is sufficient for the determina^on of ZP. 
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It is more convenient to observe the bearing when the sun is low than when it is 
high, and the result can be the better depended upon ; therefore, in the problem of 
double altitudes, the bearing of the swi is always taken when the less of the two 
altitudes is taken. * 

The method of finding* tl^ latitude here explained may of course be applied tc^a 
star as well as to the sun, tfce interval be^een the observations being expressed in 
sidereal instead of in solar time ; but as in general the horizon increases in obscurity 
as the star becomes indl’e clearly visible, two observations of a star, with a sufficient < 
interval of time between them, can seldom be accurately made. The following, there- 
fore, is a more suitable problem for the purpose in view. 

Xiatitude firom the Altitudes of two Fised Staars ohsenred at the same 

time. — There arc two advantages connected with this method of dtdmang the lati- 
tude : the first is, that a^no allowance is to be mad^ for change of i>laoe in tho ship 
all error arising from inacciiracies in the sun’s bearing, and the eoui-se and (fistance 
steered, is avoided ; the secemd is, that the risk of ioziing another observation, from 
unfavourable weather, is not incurred when both obsei-vations are made at the some 
time*. 

j NVhen the altitudes of the two stars are to be taken by one person, the mode of 
I proceeding is this — The altitude of one star is taken, .md the tithe by the watch 
I noted , the altitude of the other star is then taken, and tho time noted ; after a short 
' interval, the altitude of the second star is again taken, and the time noted. Thus She 
! ehauL'c of altitude of the second giar, in a known interval of time, will be found j and 
‘ llicrc'forc the correction for tlie time when the first star was observed may be found by 
i proportion. 

I Aft to the principles of solution, they are the same as in the former problem : the 
I co-d ' 1 linations or polar distancoa PS, PS' of the two stars are given; the angle P 
hetwet a these is also given, this angle in time being the difference of the right 
i ascensions of tho two stars. We may hence compute the third aide SS' of the spherical 
I triangle. As the eo-declinations may differ considerably, this third side must not be 
calculated on the supposition that the mean of the co-dcclinations may be taken for 
ca' h uf the other two sides. It must be found, from tbo distinct co-dcclinations them- 
I selves. The remaining pait of tlic operation is the same as in the former problem. 

{ Examples. 

j 1. I.i north latitude 52'* 30' by account, the corrected zenith distances of Capella 
- and Sinus were as follows : — 

: Capella, ZS = 29" 14' 24". _ Sirius, ZS =: 72’ 5' 48". 

i Pol. dist., PS = 44 ' 11' 39". Pol. dist., PS' =: lOC’ 28' 40". 

I Difference of the two right ascensions, Ih. 33m. 4.5s. = 23’ 20' 11" == P ; requirca, 
the latitude of the ship. 

1. In the triangle SPS' tojind SS'. 

tan PS, 44” II' 39" ... 9 9877822 cos PS 9*8555080 

cosP, 23’2(>'U" . . . 9*9620072 sin « Ar. Comp. *1271225 

sin (w + PS') 9*6300961 

cota>, 48M5'50" . . . 9*9503894 

106 28' 40" cos SS', 65" 47 ’ 55" 9*6127266 


w-(-PS'==154’ 44' 36" 
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2. In the triangU PS^' to find the angle PSS', 
siaSS', 65“ir6o'' Ari![Ji. Con^. -0399527 
sin PS', 106'* 28' 40" •„ 9*9817868 

sinSPS', 23° 26' 11" „ ^ 9*5995891 

BinPSS', 24M3' 3" * „ * 9*6213286 


3. in the triangle ZS3* to JM the angle ZSS'. 

ZS' = 72'’ 6' 48" 

sin ZS =: 29’ 14' 24" Aritk Comp. *3111631 
sin SS' = 65’ 47' ^4"* Arith. Comp. *0399636 





2)Kr 

8' 

6" 



^ sum 

II , 
00 

34' 

3" 

sin (A 

sum 

— ZS) 

= 54° 

19' 39 " 

sin Ci 

sum 

— SS') 

= 17’ 

46' 

9" 


sin 

A ZSS' 

00 

II 

14' 29" 



*. ZSS' 

= 96° 

28' 58" 



PSS' 

= 24’ 

43’ 

3" 
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’ 12' 

1" 


I to be 


, 9'9097504 

, 9*4845601 

2)19*7454272 

9*8727136 


added 


121’ 12' 1" supplement =: 58 47' 59" = PSZ. 
In the triangle ZSP to find ZP. 

tan Psi, 44’ 11' 39" . . . 9*9877822 cos PS 9*8555080 

cosPSi; 58° 47' 69" . . . 9*7143559. sin »Ar. Comp. *0490919 

sin (« -f ZS) 9*9995830 

cot «, 63’ 16' 3 " . . . 9*7021381 

ZS = 29° 14' 24" . . . sin ZP, 63’ 19' 23" 9*9041829 


(« + ZS) = 92’ 30' 27" 


Hence the latitude is 53' 19’ 23" N. 


In connexion with the foregoing method of solving the problem of double altitudes, 
there are some points of theoretical intercit to which the learner should attend. In 
the second step of the work the object is to find the angle PSS' ; the operation 
conducts us to the sine of this angle, and as the angle answering to a given sine may 
be either acute or obtuse, we have no right, independently of controlling conditions, 
to assume it to be the one any more than the other. 

In the example just solved, we have arbitrarily taken it to be acute, simply for 
convenience, "without examining into any overruling eirciirastancos. Now, in the 
present problem we may always take a bimilar liberty ; for although th(j proper angle 
may really be tha supplement of that we put down, the subsequent step will not bo 

t 

* A second is deducted from this arc, in (ffder that there may he an even number ol seconds in 
tlie sum of tbe three, so as that, in taking the half, fractions of a second maybe avoided; the 
omission of a second can have no sensible inftucncc on the result. 
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aff^.'cted by this cireuinstance : the aa^o which it is the of ^at f&p to 
find, Mdll still bo the auin or difference of ZSS', PHS' or the Bupplement of 

But it i» well to show bow all doubt* rospeotiag the species of the angle PSS' ina^ 
be avoided. * 


The fundamental foratulSa af tfghonatX trigmome^^ applied to the 

crives • 


pss;, 


cos PSS' = 


cos PS' — cos PS cos SS’ 

Ptriuu SS' 


and os it is matter of indifference which of the two stars, or which of the two places pf 
the sun we mark S or S', we may always consider, in this formula, that cos PS' is 
mmericall^ grettiet than cos PS, in which case the numerator of the above fraction, 
and conaeqisently the fraction itself (since its denominator is positive), will have the 
srujie sign as cos PS'; hence taking PS' /or thn^of the tico co-decUnationi whme 9me is the 
less, the opposite ample PSS| vnU alwage he of the earns tfteews as PS',— that isy the^ will 
either bo both acute or bo& obtuse. 

Ill the example just solved, eos PS' is negative, and cos PS, cot oane both i 
positive; consequently the fraction is negative, and therefore the ang^ PBS' is 
obtuse— namely, 156^ IB' 57", instead of 24^ 43' 3", as we have taken it i^ove, and 
we see that by mheraeting 96'’ 29' 68" wo get the same result— namely, 88* 47^ 69^. 

Whatever method of aolving the problem of double altitudes be employed, there is 
always, in particular instances, a degree of unoenainty as to whether the sum or^ 
difference of a particular pair of arcs or angles is to be taken, and which imcertakij^ 
fan be removed only by rcjference to the latitude by account. 

The method proposed by Mr. Ivory, and which has been put m a very coramodkms 
form by Mr. Biddle, in his Kavigation and Nautical Astronomy, is perhaps the shortest 
of the correct processes, when tho object observed is the sun ; but the investigation of 
it is very long and complicated, and the several steps oi the work are fiir less easy of 
nrollection than those above : it has tho advantage, how over, of decimbig 
ambiguity hero mentioned in the case oC the sun, with but very little trouble. 

But in the case of a pair of stars, tie imfertaxnty is not m easily removed ; an | 
amount of calculation, equivalent to a repetition of tho work involved in the last step I 
above, has to bo gone through. j 

Now it occurs to us that the best and most satis&crtory way of coming at the [ 
proper value of the angle PSZ, is to directly compute this angle (in imitation of | 
st^ t> 2 above) iVom the three sides of the triangle PSZ— namely, the co^edination PS, ! 
llic co-aliitudo ZS, and the co-latitude by account PZ. This extra work may be 
regarded as, at least an approximate, verificat^ of the entire process up to the end of 
st«'p 3 ; and, in executing it, seconds m the several arcs need not be attended to : it 
will be sufficient to take each aide to the nearest minute. » 

The resulting value of the angle PSZ would be a safe guide to the value of it 
which step 3 ought to give ; and the concluding step might then be worked without 
any misgiving. 

It may be further remarked here, in reference to a double altitude of the sut^ that 
when the true co-Ial itude PZ is obtained, we may combine it with the co-dechnation PS, 
and the co-altitude ZS, to determine the hour-angle ZPS, the apparent time from noon 
when the ajtitude furthest from tho mciidiaji 'svas takenv the correction for 
equation of time being applied, the result wfll be the mean time at the ship when 
S was observed. The chronometer, proper allowance being made for its daily* loss or 


124 


DEVIATION OF THE COMPASS. 


gain^Vill show the mean time at GreenwiJF; and the dilPcrcnce between the two will 
be the longitude in time. 

But this important subjeet will be more fully discusBcd in the next following Paht 
of the present treatise ; we shall only add here, that an altitude near the meridian is 
ip5t eligible for determining time^ because in that positiop altitudes vary so slowly that 
a small error in altitude may occasion a cpmparatively If rge error in time. 

Example 2. — In latitude 68“ N. by account, the true altitude of Capella was 
69^^ 23', and at the same time the true altitude of Sirius was 16“ 19'; the following 
particulars were also given by the Nautical Almanac . — 

Bight Ascension of Capella 5h. 2m. 18s, Declination 46“ 47' N. 

„ „ Sirius 6h. 36m. 33a. „ 16“ 27' S. 

Bequirod the latitude. Ans. Latitude 57“ 8' N. 

The Deviation of the Cempasa. — The mariner’s compass is subject to two 
kinds of disturbance, which operate against its true noitli and south direction. One 
is a local disturbance attributable to tlic attractive influence of the iron in the ship, 
which, when unequal! j' distributed in reference to the magnetic meridian, or the line 
along which the compass would otherwise settle, causes a deviation from that line. 
The effect of this local attraction is called the deviation of the compass. The amount 
of the angular disturbance or aberration is ascertained by experiment, before the ship 
proceeds on her voyage ; and a table is then formed, which gives the proper correction 
fol different positions of the ship’s head. But Mr. Barlow, of the Koyal Military 
Academy, \V’'oolwich, has devised an apparatus for counteracting the effect of local 
attraction : a small iron plate is so placed near the compass, vertically and behind it, 
as that its influence upon it may neutralize the action of the iron in the ship ; the 
proper situation for the plate being ascertained by experiment when the ship is in 
harbour. For an account of this contrivance, and the mode of applying it, the reader 
is referred to Barlow’s Essay on Magnetic Attractions.” It may be observed, how- 
ever, that much care is requisite in flxing the plate ; and that if the distribution of the 
iron in the ship bo afterwards changed, the piatc must be readjusted ; but this incon- 
venience must attach to eveiy method of estimating the deviation from the results of 
observations previously made, under particular conditions as to the amount and 
position of the disturbing materials. Local deviation has sometimes been found to be 
so great that, in a ship loaded with iron, the course by compass has been known to 
differ from the proper course by so much as 30“. 

The Vaziation of the Compass. — The vertical plane passing through the 
direction of the horizontal needle at any place marks out the magnetic meridian of that 
^ place, just as the vertical plane through the north and s-outh points of the horizon 
marks out the gcogi-aphical meridian of the place. The angle traced on the horizontal 
i plane by the vertical planes just mentioned, measures the e/* the compass at 

• the place. There arc but very fow places on the surface of the earth where the needle 
I points directly to the north and south points of tlic horizon, or where the variation is 
I zero. The line in which such places lie is calh d the line of no variation, and is a 
; curve of veary complicated form. It was not till probably some centuries after the 
' discovciy of the compass,, that the needle was suspected ever to lie out of the plane 
I of the geographical meridian : it sedihs first to have been observed by Columbus, 

} in 1492i 

I £ 
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The variation of the compass is not o&y different at different places ; but w&at is 
moro remarkable, it is not constant even at the same place. At London the variation 
was eastward till about the middle of* Hie seventeenth century ; in 1659 the needle 
pointed due north and south, the Variation being ^cro, so that at that time the 
magnetic coincided with fhe^ geographical meridian. After this the variation hocaij^e 
westerly^ and it continued to increase till^the year 1818, when it appears to have 
attained its greatest limit of westerly variation— mamcly, 24^ 30\ Since then the 
variation has been slowly diminishing, and it is now about 23^ west. 

In order to ascertain the variation of the compass at any place, it is necessary that 
we find by computation, or by some means independent of the compass, the true bearing 
of a celestial object, then observe the magnetic or compass bearing ; the difference of 
the two W'ill be the variation of the compass ; including, however, the local deviation, 
unless this have been neutralized, as C3cplain<fd above. * 

There are tw’o formssef the problem : the object whoso Ivoaring is observed may be 
either in the horizon or above it. In the former case it is the magnetic amplitude that j 
is observed, in the latter case it is the azimuth : in both cases the latitude of the place 
is supposed to be known. 

To find the Taiiation from an obserwed Amplitude.— It^ ba^ already i 
been seen that the angle which the equinoctial makes with the horizon of any place is 
the co-latitude of tliat place (page 86). This angle is therefore given ; and as the 
object observed is in the horizon, and its declination or distance from the eqiiinootial 
knowTi, we have given the perpendicular (the declination) and the opposite angle (the 
coltttitude) of a right-angled spherical triangle to find the hypotenuse (the true ampli- 
tude) ; aud the difference bctw'ccn this and the obBer\'ed ampUtudo is the variation, 
including the local deviation w'hcn not previously counteracted. Refraction causes 
objects to appear in the horizon when, on an average, they arc 33' below it , conse- 
quently, the compass-amplitude should be taken when the sun's centre, or the star 
selected, is about 33' plus the dip, above the sea-horizon ; or, allowing 16' for the sun's 
semidiameter, the altitude of the sun's lower limb should be about 17' + dip. 


Examples. 

1. In January, 1830, in latitude 27^ 36' N., the rising amplitude of Aldebaran was 

observed, by compass, to bo E. 23® 30' N. : required the variation of the compass. 

By the Nautical Almanac the declination of Aldebaran was 16'* 9' 37" N. ; and 

since by right-angled triangles, we have 

sin declination = sin amplitude X cos latitude. 

* sin declination 
therefore, sin amplitude =r * - - 

^ cos latitude 

so that the logarithmic computation is as follow's . 


10 

sin declination IG'* 9' 37" . 9*44455 

COB latitude 27® 36' 0" . . — 9*94753 


sin amplitude 18® 18' 16" 
Magnetic amplitude 23"* 30' 0" 
6 ® 11 ' 41 " 


9 


9 49702 
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r ' ' ' ~ ' ■ ■ I - — ■■ — ‘ “ ) 

Ah the star is thu« farther by 6® 11' 44" fh>in the tnagnetic cast towards the novili I 
than from the true east, the magnetic east has therofore receded thus much towards ! 
the aouth, and consequently the magnetic norfh towards the east — ^lienee the variation 
of the compaes is 6® 11' 44" E. But the following directions will serve for all tsascs. 

^ When the object is risingy the true amplitude is always estimated fi’om the oust, ; 
and when it is setting, from the west, an^ to%\ ards the imith or south according os tht' 
declination is noith or soulh. 

If the true amplitude, and that by compass, he both north or both south, thc'ir i 
differenee will be the vaiiation, but if one be north and the other soutli, their sum will 
bo the variation, easterly when the true amplitude is to the right, and westerly whn: 
j it is to 4eft of the obsen-ed amplitude. 

I 2. On Fob. 16, 1841, in latitude 43’ 36' N., and longitude 20® W , the setting | 
amplitude of the sun’s centre was observed to be W. 6’4o'N., at 6h« 62m. p.m., | 
apparent time : required the vaiHition of the compass. * , 

Time at ship . 6b. 62m. Sun’s dec. at noon Xant. Aim. 

Long in time . lb. 20in. W, ' 12^’ 37' 18" S. I 

' Correction for 8h. 12m. — 6' 49" I 

Time at Grc'enwicb . 8h. 12in . | 

) gmj»g at time of obs. 12’ 30' 2^’" S, 

• 

* sin declination 12® 30' S. . 

cos latitude *13’ 36' 

sin amplitude AV. 17’ 23' S. . 

Magnetic amplitude- AV. f to' X. 

A'ariation . 21’ S' AWt, the true amplitude being to tbr b ft ' 

of the mapictie. ! 

The true amplitude \< .‘hvays of the same name — nortli or south, as the dt t liueli'U . 
as is obviou.'?. 

3. In latitude 21’ 34' X., when the sun’s declinatiun i<duct’d to the tin e at o, ! 

was 19’ 18' 6" S., its magnetic amplitude at rising E. 35’ 20' H. reijuired ih | 

variation of the compass. Au*^. A'ariation 14’ 34' West, 

j 4, In latitude 26’ 32' X and longitude 79 ‘ Av'., I be .sun's centre was obseiwed to s< t » 

j W. 4’ 17' S., the time at the ship was about 6h. p.n. the sun’s declination at no 71 .* 

j Greenwich time, was 30' and the hous’y increase <ii declination 1'; requijed j 
j variation of the (compass. Ang. A^ariation 3‘ .'ll' E. 

! 6. In latitude 48’ 20' N. t]»e .‘‘tar Iligel w'as obseiwed to t.* 1 1) 50' to the northward 

of the west point of the compass ; the stai’s declination Avas 8' 25' S. . required the ' 
variation of the compass. Ans. Variation 22’ 33' W. | 

▼aviation of tbe Compass from an Azimuth.-— The computation of the 
azimuth of a celestial object requires the solution of an oblique-angled spherical tti- ; 
angle, the three sides being given to find an angle. The three sides are the co-latitudc, j 
the co-declination, and' the icnith distance or co-altitude of the object : the fizimuth i:. 
measured by the angle at the zenith, or that of which the sides are th(‘ co-latitude and j 
the co-altitude ; in other words, it is the angle at the zenith betw'con the meridian and j 


1 

10 

. 9'33634 

-■ 0 85984 


9 -.17 550 
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the Tcsrtical circle through the objoct, agreeably to the dehnituma (page 8d). Itfnoith 
latitude, the true aai&mth is reckoned from the soath point of the honzoa ; and in the 
south latitude, from the north point, towards the east, when the altitude is increasing, 
and towards the west when the altitiale is decreasing. 

The observed or magnetic azimuth being rtkoned from the same point as tim tme 
azimuth, if both arc east or IJoth west, their difference Will be the tariation ; hut if one 
is cast and the other west, their sum will bl the vaxiatiom The variation is aafit or 
west, according as the true azimuth is to the right or to the left of the observed 
azimuth. 

Mxamples. 

1. On June 9, 1853, at about 5h. 50m. a.m., in latitude 50’ 47* N. and longitude 
99^ 45' W., Ihe bearing of the sun by compa8| was S. 92® 36' E., when %e altitude of 
his lower limb was 18'" 35' 20", the index correction was + 3' 10", and the heij^tof 
eye 19 feet: required th^ variation of the compass. * . • 

1. For the (kMkelituitiim emd {h$ Vo-altitttde. 


j Time at ship, Juno 8 17h. 50m. Obs. alt. Iir35'2l)" 

I TiOng. 99’ 45' W. in time . 6h. 39m. Index cor + 3' lO" 

1 Time at Greenwich, June 9 Oh. 29m, 18* 38* 30' 

I 1 Dip — 4' 17"\ . . ^ +11' 29* 

I Sun’s deo. June 9 at noon, | Semi. 15' 46" i 

* Greenwich time . . . 22’ 5^7' 3C" j 

I Hourly var. + n"-8 /, cor- j App. alt ^ ... 18’ 49' 69", 

! rccUon for 29m. ... + 6" | Hof, and par -*2' 41" 


Deo. at time of observation 22’ 57' 42" ! True alt. 


90 ’ 90 ^ 

Co-dcclination 67' 2' 18" j Co-alt. 71“' 12' 42" 

1 


2. For the trus 


(’o-dcclination . 

. 67’ 2' 18" 


Sin co-altitudo . 

. 7r 12' 42" Arith. Comp. 

•0238109 

Sin oo-latitude . 

. 39" 13' 0" Arith Comp. 

•1991079 


2)177’ 28' 0" 


Sin 

. 83’ fl' 0" „ ,, 

9'9998939 

SH (88’ 44 ' — co-dec) 

. 21’ 41' 42" ., „ 

9-S678091 

COH 

, 5r52' 4" 

2 

9*7406218 

True azimuth S. 

. 103’ 44' 8"E. 


Observed azimuth S. 

92’ 36' 0" E. 


Voriatiim . 

. 11’ 8' 8" the true azimuth being to 


• 1 — the left of the observed. 

2. In latitude 48'’ 50' N. the true altitude of the sun's cmitre was 22®' 2' the 
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d&oliiSatioii at tilia tlmo of obsorvation was 10*" 12' S., the magnetic hearing 
S. 161* 32' £. Eequired the yariation of the compass. Ans. Variation 22® 40' 40" W. 

3. November 19, 183S, in latitude 50* 22' N., longitude 24° 30' W., at about 
9 o*elock in the morning, the altitude of the sttn'a lower limb was 8° 10', and the 
bearing by compass S. 21° 18' £. ; also the height of the eye was 20 feet Eequired 
tSe variation to the nearest miiiute. ^ 

Sun’s dec, at noon, Nov. 9, G. T. 19* ^3' S. Semi diameter 16'. 

Variation of dec. in Ih. -f* 40", so that 2' must be subtracted for three hours before 
noon. Ans. Variation 24° 12' West. 

Note,— .I n the foregoing examples, if the local deviation of the compass remain 
nncocreotod, what is named variation will be compounded of variation proper and 
deviation. Each result must then bo regarded as the difference between the unoor- 
rected compass-bearing and the true beafing. 

It is proper to remark also, ii> concluding this division of ^ur subject, that a single 
altitude or a single azimuth taken at sea is not considered so trustworthy os the mean 
of several ; consequently, when all attainable accuracy is desired, the observations are 
repeated at short intervals of time (a minute or so), and the mean result of the set is 
taken for the observation employed in the calculation, the mean of the times being the 
corresponding time of that observation. 

Attention to the local deviation of the compass is a matter of great practical im- 
portance ; and Barlow’s correcting plate is a valuable check to its iziflucnoe. About a 
qilhrter of a century ago the Thetis, with a million of dollars and other treasure on 
board, sailed under the most favourable prospects from Rio Janeiro; the next day, in j 
consequence of unfavourable wind, they tacked ship, in full confidence of being clear * 
of land ; the fatal mistake was first discovered by the jib54>oom striking a high per- 
pendinular cliff ; all the three masts were at once sent over the side, and vessel and 
cargo were lost In a paper in the Phil. Trans, for 1831, Mr. Barlow shows that the 
local deviation of the compass was exactly such as to bo Ukely to occasion this great 
mistake in the ship’s reckoning. The distance the vessel had run was about 80 miles ; 
and assuming the local attraction to have been equal to that of the Gloucester — a 
similar ship — she would have passed five miles nearer tr? the scene of her destruction — 
Cape Frio — than she would have done had the compass been undisturbed by the attraction 
of the vessel, or had this disturbance been counteracted by any neutralising apparatus. 

For farther particulars on the preceding portion of Nautical Astronomy, the student 
may consult the treatises of Norie, Riddle, Raper, and Inman; as also the recent 
publication of Mr. Jeans, of the Royal Naval College, Portsmouth.* The compre- 
hensive work of Robertson too, already recommended at page 64, though of rather 
old date, would be a valuable addition to the mariner’s lib^;ary. On the variation and 
local deviation of the compass, Professor Barlow's work on Magnetic Attractions" 
should be read; as likewise Commander Bain’s “Essay on the Variation of the 
Compass," and the interesting treatise cn Magnetism in the “ Library of Useful Know- 
] ledge." Some judicious remarks on these matters will also be found in Lieut. Raper’s 
j treatise before referred to. 

I 

I • I>r. Inmaii't Nautical Tables will be found of much service to the practical navigator, and 
Mr. Jeans’s Navigation an(f Nautical Ast^'-onomy” is a suitable aecompaiiiment to them. In 
Professor Inman’s tables the meridional parts are carried to two places of deoimals, which give 
them an advantage over moat other eolleotions. 
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ONilNSDrG THB LONGITUBEWIT SEA. • 

• $ 

IntsodmtloiBu— To determine the longitude of a at eea, is justly regarded as 

the greatest, aolii^effient of Nautical Astronomy ; it is often considered, too, as the 
most importaiit f^orement ; but since both the latitude and the longitude are equally 
neoesaary to enable the mariner to aaoeriain the position of his ship on the ocean, one 
of fheie determinations has, in fact, no claim to superior importance oyer the oth« as 
respects its practical value to the navigator. ^ 

A higher degree of consequence has been*attached to the problem of finding the 
longitude, solely because of the greater difficulties vrith which the solution «f H ia 
beset, and of the larger demand made upon the resources of science— both medbinical 
I and astronomical— for the meana of overcoming them. J 

I We have seen in the preceding Part, that there are several ways of detaritj|||pl^ 

I latitude : of these the simplest is that wherein the data are the altitude and de<dji^8fin 
I of a odeatial object when on the meridian. So there are several. in^th<^, . 

I mining longitude, but iu each of these we have two distinct problems to j 

j of one ; the problems arc, let, to find the time at the ship ; and, 2nd, to find tto 
! at Greenwich The difference of the times is the longitude of the ship in time* Tbn^ 

! first of these problems is comparatively easy, the second has exercised the ingen^^ 
and tasked the exertions of thegreatest minds ; and two very different forma QtMAxmsai 

j have resulted from these effirtts. 

As the great olject to be accomplished is to discover, at any instant at the 
what time it is at Gcfienwich, or at the meridian from which longitude is reckoned, it is 
\ natural that the pThblem Of finding the lo^itude should have more especially engaged 
\ the attention of chronometer-makers ; and, accordingly, when, in 17U, the first parlia- 
i mentary reward was offered for the solution of this problem, within certain limits, a 
I most laudable emulation was called forth among the more scientific of this class of 
, artists. The pecuniary stimulus offered by Government was this, namely, £10,000 for 
a method which should determine the longitude to within 60 miles of the truth, 
£15,000 if the method should give the longitude within 40 miles, and £20,000 if 
within 30 miles. The most successful competitor for these rewards was John Harrison, 
who, with indefatigable industry, applied himself to the construction of a chronometer 
that should keep time with sufficient accuracy«to accomplish the last of these objects. 

! In 1736 bis first chronometer was subjected to trial in a voyage to Lisbon; and in 
1739 a second, still more peifect, was produced; but in 1758 he completed a third, 

; which he affirmed to be so accurate as to entitle him to the highest reward offered by 
I the Commissioners of Longitude. In compliance with Mr. Harrison’s request, the 
’ Admiralty directed the watch to be tried on a voyage to Jamaica, in the ship Deptford, 
which sailed from Portsmouth, Hovembor 18, 1761, and arrived at Port Eoyal, 
Jamaica, January 19, 1762. The time at Portsmouth— for the watch had been set to 
Portsmouth time — was found, on the 26th of the same month, to be 5h. 2m. 47^, as 
j shown by the chronometer, at the instant of upon at Poi% Kuyal; and the exact 
difference of longitude, ia time, between Hie same two places, as found by pareful 
astronomical observations, was 5b. 2m. 51s.;* differing from the determinatioa of the 
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chronometer by only 4 b., Which, in the parallel of Jamaica, is less than one nautical 
mile. 

On January 28, 1762, the chronometer was ae^t back in the Merlin, which arrived 
at Portsmouth on March 26. On the passage, the ship en^untered a violent storm, 
anh the chronometer had to be removed to a place where it was likely to suffer Ikim 
exposure. The time of mean noon, as thown by thd chronometer, April 2, was 
llhu 58m* 658. Hence, from Nov. 6, 1761, to April 2, 1762, during which period the 
chronometer had passed through a variety of climates, and been subjected to violent 
agitatioos of the sea, its error was no more than Im. 53s'5, or 2d| minutes of 
longitude in time, which, in the parallel of Portsmouth, does not amount to 16 nautical 
miles. 

On this occasion Mr. Harrison recei^red £!5000, and another trial voyage was pro- 
posed, namely, from Portsmouth^, to Barbadoes, which was made in 1764, and, which 
proved %o satisfactory that an ad^tional £5000 was ordered to be paid to him, and the 
remainder of the highest reward promised as soon as he had sufficiently explained the 
principles of his time-keeper to enable another artist to construct cme as good. Mr. 
Harrison accordingly explained fuUy the whole of his mechanism to a properly (^ualiffed 
committee ; and Mr. Kendal, a member of that committoc, was directed to construct a 
chronometer on Harrison's principles. The instrument ho produced was committed to 
the care of Mr, Woles, on hia voyage round the world with Captain Cook, in the years 
i7f 2, 1773, and 1774 ; and it so fully justified Harrison's expectations in this severe 
trial, that the House of Commons ordered the remaming £10,000 to be paid to him. 

Subsequently to this, chronometers were constructed by various poi’sons, upor 
iiidsipendent principles and of equal merit; those by Mudge, Arnold, and Kam^Unw 
Ww, considered to deserve special distinction, and accordingly £3000 were paid by 
G^V^ment to each of these makers; but no parliamentary reward has since been 
given for chronometers. * 

At the present day, chronometers fully equal to any of those here adverted io are 
readily to be procured, and from the best mailers, e\ en superior time-keepers may at 
all times be obtained. The difference of longitude between Cfrecnwich and New York, 
as recently determined by the chronometers of Mr. Dent, agreed with the rosultw of 
astronomical obsoiTations to within three-quarters of a mile ! 

Such, then, is the degree of perfection to which thia department of mechanical art 
has been brought ; so that the delcimination of the time at Greenwich, at any iustant . 
in any part of the globe, would he an easy matter, provided only that a clironomotv ; 
could be ensured against all external interference with its action. But at sea a piece 
of machinery so delicate is peculiarly Exposed to deranging influences— cbange^ (f 
climate— the jerks and vibrations of the ship — ^locol attrsetion, &c., &c., all have their 
influence, and however these ordinary hindrances to the correct performance of llie 
watch may be provided against, yet an unavoidable accident may at any time render 
the machine useless. The safety of navigation requires, therefore, that — valuable as 
the chronometer is— other means of finding the longitude, independent of its aid, should 
bo devised ; and these are furnished by what are called the Luhau Obbxuv.vtions. 

By aid of tables of the moon's motion— first supplied to the British Admiralty by 
Professor Mayer of €k»ttjpgen (1755-62), and subsequently improved by Mason, Brad- 
ley, and others— the angular distance of the moon from the sun, and from the prin- 
cipal stars that lie near her path, arc predicted for every three hours of time, and for 
several years in advance. These ‘‘Lunar Distances," arc given in the Nautical 
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Almanac^ The motion of the moon in hux or'oit is lo rapid— about 13° in 24 hours— 
that her advance to, or recession from a star in Lor path, is a meaaurable quantity even 
in the lapse of a few seconds of time :• by means of the three-hourly distances com- 
puted in the Nautical Almanac for Xlroanwich time, her distance from any one of the 
selected stars, at any intofm^iate instant of Greenwich time, can be easily found^by 
simple proportion; and, ctmversely, any# intermediate distance being known, the 
corr^ponding Greenwich lime can, in a similar maimer, be found. 

Like as in all the other angular measurements of Nautical Astronomy, the observer 
is considerod to bo situated at the centre of the earth : a lunar distance, therefore, 
being taken at sea, and reduced to this point, the mariner has only to turn to his 
“ Almanac,” and from the distances there given, to compute, by proportion, the time 
at Greenwich when the distance of the same objects was what he bss ^und it to be. 
The Greenwich time, al the instant of observation is thus discovered, and thence,— his 
own time being known-^the longitude of the ship isiweertained. • 

The heavens thus supply the navigator with an unerring chronometer— a time-piece 
that needs no winding up— that never gets out of repair, nor ever requires re-adjust- 
ment— that can neither bo deranged by acoident, nor be deteriorated by neglect Placed 
beyond the reach of sublunary vicissitudes, heat and cold, storm and tempest n^ect it 
not : these indeed may temporarily cloud and obscure its face, but the}^ can neither 
disturb its meebanism nor alter its rate ; and we know that it will run down only when 
our concerns with Timt: are at an end. * • 

Piuia thos3 introductory remarks, the student will^readily anticipate the business 
tliat is now l>efore us. Whether wd consult a chronometer, or take a lunar distance, 
for the purpose of tiudmg the time at Greenwich, the time at the ship is an indispen- 
sable cb riicnt in the determination of the longitude; the problem first to be solved, 
therefor^', is to find Die local time. 

On Finding the Time at Sea. — At first sight it would ai^pcar that the time at 
the ship, most ea^iily determined, is th<^time of noon^ or when the sun comes to the 
ineridian , but, for a minute or two before and after the gun’s transit, the change in 
altitude is oo small, except in very low latitudes, that it is not possible at sea to detect 
the instant of the meridian passage, and the same may of course be said in reference 
to any other celestial object.* 

In deU'rmining the latitude by a meridian observation, the error of a minute or so 
in the time of apparent noon is of no consequence ; for, as just remarked, the altitude 
of the object— which is all that the latitude is concerned with — is pretty nearly 
constant for a few minutes in the neighbourltood of the meridian : but, as respects the 
longitude^ the error of a single minute in the time would occasion an error of fifteen 
minutes of longitude, It is obvious, therefore, that when time is to be deduced from 
altit\ide, with a view to the determination of the longitude, the position of the celestial ; 
object to be observed should be so chosen— when circumstances aro such as to permit 
of a choice of i>osition — as that, a small error in the altitude may have the least effect 
pjssibk* on the hour-angle, or time from noon. It is of importance, therefore, to con- 
sider the foUowuig preliminary problem : 

• It may bo rcmurlcod, moreover, that the altitude of the sun, |be moon, or a planet, is not 
ncec»s,.n’y niwaya the jn^calost when on the mid-dnp meridian of the place of observation; nor 
iieccssarjly the least, when on the midnight meridian : the body's change of declination mjy be such 
ns to prevent this. 


132 


EFFECT ON TIKB OF BRBOft IN ALTITCDE. 


To determine upon wkai verHeai a Cdutial C%'eet must he^ in rntder that a small error in 
the Attitude may have the hast effect on the Time, 

Let S be the place of the celestial object obserred, bnt by a small ertor in taking 
th^ altitude, let it be referred to S'. Draw S'S" parallel to the hoiiaon, and meeting 
the parallol of decUoation s s’, in the point S*'. * 

Thou, when the object is at S", it will Really hare the oo*altitude Z3” equal to its 

supposed co-altitude ZS', when it was actually 
not at S', but at S ; so that in the determina- 
tion of the hour-angle ? fkrom the co-latitude 
PZ, the co-declination PS", and the erroneous 
co-altitude ZS", the small angle BPS'' will mea- 
sur:» the amount of error in the time. 

As the triangle SS'S" is of course exceed- 
ingly small, since the error of obserration is not 
purposely made, it may be regarded as a recti- 
linear triangle, right-angled at S' ; therefore 
SS' r= SS" sin S", and SS" = sin PS SPS", 
for SS", the distanoe passed over by the object, 
may be compared to the distanoe sailed on a 
parallel of latitude by a ship, making the dif- 
foi^ce of longitude SPS*', and we know that in this case (page 60) 
ooslai : 1 :: dist. : diff. long. dist. = coslat X diflf, long., /, SS' = sin PS^SPS" 

Hence S8' = sin. S" sin PS/ SPS" SPS" .- v a ... Cl) 

Sin 8" am PS ' ' 

Now the angle S , that is the angle S'S"S, is equal to the angle ZSP, because S' being 
a right angle, S'SS" is the complement of each ; and therefore, from the relation 
between the sides and angles of a spherical triangle, we haye 
sin S" : sin SZP : : sin PZ : sin PS 
sin S" sin PS = sin PZ sin SZP ... (2) 

Substituting the second member of (2) in (1) we therefore have 



SPS' =: r— ^ altitude 

sin PZ sin SZP cos lat. sin azimuth ' ’ ' I* ' 

This expression for the error in time will obviously be the least possible when the 
sine of the azimuth is the greatest possible ; hence, if the co-declination be sufficiently 
great, or the co-latitude sufficiently small for the object to cross the prime vertical ZN, 
above the horizon, in its progress towards the meridian or towards the horizon, the 
I most favourable time for an obserration of the altitude wUl bo when the prime vertical 
• is reached— that is, when the object is due east or due west—tho azimuth being then 
90\ If other circumstances -weather, proximity to the horizon, Ac.— be unfa- 
vourable, then the nearer the position of the object to the prime vertical the better. 

But if the co-latitude PZ exceed the co-declination Ps', then the object cannot arrive 
at the prime vertical; the azimuth PZN will then be the greatest, and have the 
greatest sine, when the abject is at S, the point in which the azimuth circloZSN 
touches the paraHel of declination ss'. It is plain that in this position the apparent 
motion of the object is nearly perpendicular to the horizon (next diagramX 

The triangle P8Z is right angled at S, for PS is the shortest arq from P to ZN, and 
18 , therefore, at right angles to ZN ; in this triangle the two sides PS, PZ, the co-de- 




TXHE FBOX A 81MOLB ALTITUDE, 


133 



olinatioii tnd the oo-latitade, are suppoeed to be ghrea : we may^ therefore, find the 
angle Z, or the bearing the object ought to hare, to that the error in altitude may 
affect the time aa little aa poaaible we may 
find the angle P, the tinie from apparent noon, 
when the obeerration ahould be made. If it be 
not practicable to take the* altitude wheA the 
object ia in the moat iaTourable poaition, then a 
poaition aa near to it aa poaaible ahould be 
choaen ; and it muat be remembered that, 
throughout the interral between the beat poai* 
tion and the meridian, the nearer the object ia 
to the meridian, the more unfaTOurably if it 
aitoated for the purpoae of computing the time 
from an altitude; the formula (S) aufficicntly 
ahowa thia. 

This formula (3) will of course aerve for deter- 
mining the error in the time conaequent upon any assumed error in the altitude, at any 
observed azimuth ; but as the angle SPS' ia expressed in minutea of the equinoctial, aa 
appears from (1) above, it is necessary to divide by 15, to bring the meaauie into minutes 
of time : so that 

« - A- • • X 1 of altitude • 

Error of app. tune in minutes =: ; : — rt 

« 15* cos lat. sm azimuth 

For example. Suppose the latitude to be 51*^ 31' N., tbe azimuth of the object 
6 48'* 10' K, and that tbe error of altitude is estimated at 10' : required the error in 
the apparent time. 

llie above formula put into logarithms ia, 

log. error of time = log. error of alt. — log. cos lat — log. sin azimuth — • log. 15 -f 20 

(see page 9) 

10 1*0000 
cos 51° t3r Arith. Comp. *2060 

sin 48’ ICK Aritb. Comp. *1278 Hence the error in time is 

15 Arith. Comp. 8*8239 1' 438 = 1* 26" 


1"438 . 


•1677 


It will, of course, be observed that if tbe latitude and azimuth remain tiie same, aa also 
the error in altitude, the error in time will fismain the same, however the altitude may 
vary. 

TIaaa at SXdp deAwced firom a Slagle AlUtade.^If the object observed hi 
the sun, the hour angle which its circle of declination, at the instant of obMiration, makes 
with the meridian is the apparent time from that meridian. By applying the equation of 
time, given in the Nautical Almanac, and reduced by means of the longitude by account, 
to the estimated instant of observation, the apparent maybe converted into mean time. 

If tbe object be a star, the hour angle its circle of declination makes with the 
meridian is a portion of sidereal time ; it is the difference between the right ascension 
of the 8tar»and the right ascension of tiic meridian. When Ihe star is to the west of the 
meridian its K. A, (right ascension) must be increased by the hour angle ; yrhen it is 
to the cast its R, A. must be diminished by tlie hour angle : the result is the R. A. of 
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the meridian, and the di^ferenoe between thia and the snn’a R, A. at the time of obser- 
yation is the timo from the same meridian, and which is apparent, or mean time, 
according as the sun’s R. A. is tahon from p. I. of,p, II. of the Naut. 

If the object be the mt>on or a planet, the apparent and *uean time are obtained 
ji£t as in the case of a star. 

To determine the houi* angle P fromirhich the mean time at the ship is thus 
deduced, there are given in the spherical triangle PZS, the oo-latitude TZ, the co* 
declination PS, and the co-altitudc ZS ; hence, putting s for half the sum of these 
three aides, we have for cos J P. 

008 i P = (Tkioonomkwit, p. my 

^ sin PZ sm PS 

The co-dltitude ZS, used in working this formula, is usually deduced from a set of 
altitudes taken within a minute or two of each other, as in the following examples : 

£xatnpUs^ 

1. Time deduced from the Sun , — On September 23, 184o, in latitude 50® 30' N., and 
longitude by account 110® W., a sot of altitudes of the sun were taken ms below ; the 
index correction was — 3' 20", and the hmght of the eye 20 feet : required the mean 
time at the ship. 

Note. — Besides a chronometer or two, a ship always carries a good common watch, 
ifra^king seconds, by which, what may be called the time at ship by account^ or the 
estimated time, is kept. This may be regulated by the meridian altitudes, or by the 
double altitudes, or, as already noticed, by means of the chronometer and estimated 
longitude. For the purposes to which the watch is applied, an cn*or of a few minutes 
is of no consequence ; in the present problem the estimated time is used to got the 
declination and equation of time. The times recorded below are the mean times at 
the ship as shown by the watch. 


Mean obs. alt. 
Index . . . 
Dip ... 

• Semi-diam. 
App. alt. . . 

Ref. and Par. 

True alt. . . 


[ItUude 

8 the Sun. 

Times 

per 

mte 

IV 

4' 40" 

. 4h. 

43m. 

428. 

IV 

2' 25" 

. 4h. 

44m. 

35s. 

10® 

59' 45" 

. Ih. 

15m. 

24s. 

10® 

56' SO" 

. Ih. 

IGm. 

19.^. 

4)44® 

3' 20" 

4)19h. 

Om. 

Os. 

ir 

0' 50" Time nearly . 

. . 4b. 45m. 

Os. ] 


^ -I- 1 1" 

\ 

ir jr 4" 

- y OS" 
ir 4'2G" 

yo® 


ZS 2= 78® 65' 34" 


Jiong. 110 . . 7h. 20m. 

j Mean tiim at G. 12h. 6ra. 

! »Sim’s dec. at noon 
: Green, time . . 0® 6' 66" S. V.+ 5SA" 

I Cor. for 12h. 5m. 

I [m" X ir 47" 

I 0 ^ 18 ' 43 " S. 

90® 


PS = 90® 18' 43" 
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Also since PZ « 39^^30', the computation of the hou]>ftnglo will be as follows^ 
namely : — 

• ZS, 78'’ 55' 34" 

•SiaTZ, 39'' ao- 0" Arith. ^p. -1964895 

, Sin PS, 90“ 18 43" Arith. Comp. -0000^164 

. , 

2)208’ 44’ 17" 


Equation of Time. 

Sop. 2'* Tin. 12a. var. 


Sin s, ’ 104'* 22' 9" 
Sin (s — ZS),‘ 25" 26' 35" 


"‘SoS,* 


cos. i P, 


36^ *0' 47" 

o 


. . 9*9861968 

. . 9*6330782 


2)19 8157709 

* m 

9;9078854 


Gor for 12h., -V" 10a. 


7in. 528. 


aP=72^ 1*34" 

In time = 4b. 48m. 6s. Appatont time at ship 
Equation of time — 7m. 52s. 


4h. 40m. 14s, Mean time at ship. 


1 u this result a (juartor of a second bas been disregarded, and we conclude that the 
watch is about 5ni fast. 

It is of importance in discussing operations of this kind, the results of which arc 
r('quircd to be Ijrought out with the utmost attainable aceui-acy, that the student's 
confidt'uce in such results be not shaken by the fact that certain of the data with 
which he werks arc confcs.'^cdly orronpous, and arc never more tlian approximations 
to the truth , the esUmat<;d longitinlc and the estimated time at the ship are, of course, 
more or less afloctod witli error, lie must take notice that these two elements do not 
enlt r dir»H‘tly into the Irigonoinetrical process, they merely affect the preparatory 
rcductio!- for declination and equation of time ; quantities that vnrj" so little, even in 
a largo it torval of time, that a oonsiderablo error in the estimation of this interval 
o<‘casi(»ii.*» but an hiconsidorablo error in the proper corrections. Hence, with but 
oulinary care in the dead rcclvoniai;, and the proper accuracy in taking the altitude, 
iho time at soa, determined as above, maylbe depended upon as correct, not only to 
the nearest imnuU, but even to the nearest second^ notwithstanding the at'kiiowledgcd 
fad that certain of the data are only approximately true. * 

To illustiate this, let us modify the foregoing operation by applying the above 
correction to the w'atch, or by putting it back oin. \ then the nu an time at Greenwich, 
wlien the observed altitude of the mm at the ship was 11' 0' 50 , will be 12h. The 
correction for declination will therefore be 58" J X 12 =z IT 42" ; hence, subtracting 6'^ 
from the above value of PS, we shall have, for the more correct value, PS =: 90'' 18' 38" ; 
and the work, modiffed in accordance with this change in the co-dctdinalioa of the 
sun, will stand a$ follow's : — ^ * 

'* Tiih i* the varlatica of the equation ol true in one hour, given in the Kautiml Ahnumr, 


KRROB IN TIMC BY ACCOUNT OF LITTLB CONSEQUENCE. 


i:)6 


M 


X 


zs, 

sin FZ, 

7 rWS 4 " 
89 * 80 * 0 " 

Arith. Comp. 

•1954895 

sin PS, 

90 * IS” 38 " 

Arith. pomp. 

•0000064 


2 ) 208 * 44 ' 12 ” 



sin 8, 

104 * 22 ' 6 " 


9*9881985 

1 — ZS) 

25 * 26 * 32 "^ 


. 9*6330650 

cos i P, 

36 * 0 ' 51 " 


2 } 10*8157694 

9-9078797 

f 

2 

• 


.-. P: 

= 72 " i; 42 " 




In time = 41i. 48m. 6s.i ) /. 4h. 40m. 14s.i it the correct mean 
Equation of time — 7m. 52s. ) time at the thip. 


The time, according to the former retult, was 4h. 40m. 14s.J ; for, as stated abore, 
the fraction of a second was suppressed : we see, therefore, that the error of 5m. in 
the estimated time occasions an error of only half a second in the eorreet time. Sup- 
pose now that not only the estimated time, but that the estimated longitude is also 
i^ected with an error equiralent to 5m. of time—that is, an error of ri in longitude, 
which is a large error ; and suppose that both errors conspire, mahing the mean time 
at Chreenwich 12h. 10m. The oorrection for declination will then be X IH := less 

ftiMTt 11 * 52" ; then PS will be 90^ 18' 48", and the modified work will be as follows 


zs, 

sin PZ, 
sin PS, 

78’ 65' 34" 
89* 30' 0" 
90* 18' 48" 

Arith. Comp. 
Arith. Comp. 

•1964895 

•0000065 


2)208* 44' 22" 



sin 8 

sin (s — ZS), 

104“ 22' 11" 
25* or 37" 


9*9861958 
. 9*6330871 




2)19*8157789 

cosiP, 

36* 0'46" 

2 

0 

9*9078894 

P 

= 72* 1' 30" 




In time = 4h. 4Sm. 6s.) /. 4h. 40m. Us, is the mean time 
Equation of time — 7m. 52e.i at the ship. 


Hence, notwithstanding the above errors in the estimated time and longitude, the 
time at the ship is correctly deduced to within three quarters of a second of the truth. 
Whenever there is a very considerable difference between the time per watch, and the 
calculated time at the ship, it will bo prudent to repeat the work with the corrected 
time, as in the second of the foregoing 9 *>erations. 

2. Tims deduced from a 8iar,-^n June 3, 1842, at 12h. 9m. p.m., nearly (mean 
time) in latitude 60’ 48' N., and longitude by account 1* 6' 3" W., the observed 
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altitude (or die mean of a set of altitudes) of a Bootis, west of the meridian, was 
89** 6T 30', with the artiOoial horiaon : the index cotrection was 10** ; ro^uired the 
mean time at the riiip. • 

As the artificial horixQU was used, there will be no correction for dip (page 114} : 
the angle shown hy the iifttrument when corrected for index error is double the 
altitude from the rational horizon. ^ 


It will be observed here that the hour angle P is expressed in sidereal time, and in 
like mannes the right ascensions of the star, t^ meriian* and the mean sun are all 
expressed in sidereal time : hence, 12h. 8m 81s’2 is the distance of the mean^sun from 
the meridian in sidereal time ; and this time in reference to the tneafi sun is mean time. 


Angle by Instrument . . 89** 83* 30** 

Estimated time . . . 

12h. 9m. 

Index correction ... — 10'* 

Long. 1*6' W. , . . 

4m. 

2)89** 63' 20" 

Mean time at 6. 

12h. ISm. 

App. alt. of star .... 44® 66* 40** 

Pun's R. A. at noon, or » 


Refraction — 58** 

the sidereal time 

4h. 46m. 78*1 

• 

Correction for 12h. 13m. 

2ni. 08'4 

True alt 44*’ 65' 42" 



90** 

Sun's R. A. at time of 



oha 

4h. 48m. 7r5 

ZS = 46- 4' 18" 



Star* E.A. 14h. 8m. 30s-5, Dec. 20* 0’ 15" N., PS = 69* 6^ 4l". Alao PZ 

=s 39® 12*. 



ZS, 45“ 4' 18" 



iinPZ, 39**12' 0" 

Arith. Comp. *1992628 


ainPS, 69* 59' 45" 

Arith. Comp. *0270266 


2)164® 16* 3" 



gin a, 77* 8' r 

9-9889570 


ain(a — ZS), 32’ 3' ^4" 

9-7249636 



2)19-9402089 


coaiP, 21* 1' ri 
2 

9*9701044 


/, P = 42** 2' 3** or 2h. 48m. 8a’2 of sidereal time. 

Stars R. A 

a 

14h. 8m. 30S-6 


R.A. of meridian . . 

I6h. 56m. 38s-7 


R.A. of aun .... 

4h. 48m. 78*5 


Mean time at ship . . 

1&. 8m. 318-2 
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JSapamples for JExerem, 

1. On Januaiy 12, 1840, in latitude 30** 55^ If. and longitude 14'' W,, by iHSOOtuit 
the mean of a set of altitud^ of the sun’s lower limb was 22"* 25' 33", the corrcspond- 

time by watch was Oh. 31' 3S" a.m. ; the index coirebtion was + r 30", and the 
height of the eye 80 feet. Also the Nautical Almanac ^tc the following 
namely — 

Sun’s dec. Jan. 11, 21’ 54' 30" S. j Equa. of time Jan. 11, . , 8m. 3s, 

Sourlj variation, — 23"-42 j Hourly variation, . . -f Om. Is. 

Sun's semidiameter 16' 16" 

Required the mean time at the place of observation. 

, ^ . Ans. 9h 41* 24" a.m. 

2. Qn April IS, 1844, in latitude 50* 48' N. and longitude* by account 1’ 0' W., the 
mean of a set of altitudes of the sun’s lower limb (with artificial horizon) was 76* 16' 46", 
the corresponding time hy watch was 9h. 18m. a.m. : the index conection was 
— 3' 46" ; and the Nautical Almanac gave the following particulars, namely — 

Sun’s dec. April 17, . 10’ 36' 49" N. j Equa. of time April 17, Om. 318*3 
Hourly variation . . 52"*38 | Hourly variation . . Om. 0 b d73 

Sun's semidiameter 15' 66". 

I • ^Required the mean time at the place of obser\'ation. Ans. 9h. 18m. 16s. a.in. 

3. On April 26, 1840, in latitude 29’ 47' 45" S. and longitude by account 31* 7' E., 
at 2h. 19m. 41s. a,m. hy watch, the true altitude of the star Altair was 25’ 14' 20" to 
the east and north : required the mean time at the place of observation. 

li.A. of Altair 19h. 43ni. Dccli. 8’ 26' 47" N. Sun’s R.A , or sidereal time at 
mean noon, 2h, 18m. 2l3'l. Ans. Ih 45m. 11s. a.m. 

Note. — As remarked at page 134, the lime may bo found in a similar way when 
the object is the moon instead of the sun or a star ; but, on account of the rapidity of 
the moon’s motion in right ascension and decimation, thi'-* body is the least obgiblo for 
the purpose of discovering the time at sea. The a}>pr< ximatc time and the approximate 
longitude w'hich, as we have .soon m the case of the sun (page 138), may be employed' 
with safety, may lead to considerable uncerti’iuly when the object is the moi)n, w'hosc 
declination changes sometimes more than 2' in lOm. of time. 

Time l^educed from £qnal Altitudes.— There is another w*ay of deternuu> 
img the time which ought to be briefly n« ticcd. It is called the method of egiM/ altu 
tudes . the following exposition of it is principally from Lieut. Rapei’s “ rractice of 
' Na\*igation and Nautical Astronomy” — ^a w^oik which well deserves the attention of 
the practical seaman. 

Since the altitude of a body which docs not change its declination varies exactly 
at the same rate while rising on the E. side of the meridian, as while falling on the 
W. side, the same altitude occurs at the same hour-angle on each side of the meridian, 
and the middlo point of time, between the instants of two equal altitudes, is the in- 
stant at which the body passes the meridian. 

In the case of the snai, tike middle ^oint of time, or the mean of the observed times 
of equal altitudes A.M. and P.M., U apparent noon. In the case of a star, or other 
body, the mean of these times eorreeponds to the R.A. of the star when upon the meri- 
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diaa, or the eideveal tiane, wHch my easily be cony^ted into apparent timo, nr 
mean time. 

Since the stm diangee his dooltnatKfh f ensibly in large intervals of time, tvo equal 
altitudes, A.M. and P.M.^ do not correspond to equal hour-angles ; and it therefore 
becomes neoessary to apply te the mean of the obeorved times a oonectidii which«is 
called the ef £qual iAMludei, L table of the equation of equal altitudes is to 

be found in all Nautical Tables. Also at sea, the change of place of the ship, in the 
intervals between tbe altitudes, will generally render another correction necessary. 
When the course made good is true E. or W., the ship changes her hmgitude only, by 
the portion of time which she gains or loses on the atm in the interval. This change, 
provided it is made good equally on both sides of the meridiaii introduces no correction ; 
and the only question is, the time by watch i^en tbe interval is 

But when the ship changes her latitude, same altitude no longer coiresponds to 
the smne time ihnn noorL| and the correction advertedTto becomes necessary. • 

This method has some ad^'antages : — ^it is independent of the terrestrial refraddon, 
provided this remains unchanged in the interval employed ; and the eorreotiom when 
necessary requires thr latitude and altitude to be but roughly known. Witluu the tropics, 
the interval may in general be very small, on account of the rapid ohiinge of the alti- 
tude, and the correction for change of latitude may, in such cases, heomititeti In high 
latitudes, however, the ship's change of latitude oonsiderably alters the time from noou) 
at which the second altitude (equal to the first) is taken : hence, in such high latitiq^ 
the meUn>d is less useful. 

The general mode of proceeding *is this Observe the sun's altitude shortly before 
noon, and note the time. Note the instant of the the same altitude in the aitemooa. 
For greater accuracy, several pairs of equal altitudes should be obtained. Take the 
mean of the A.M. and P,M. times by watch : this, when the ship does not change her 
latitude, is tho time by watch of apparent noon. To render any correction for change 
of latitude unnecessary, it would he desirable to alter the course of the ship, so as to 
preclude this change, when the interval between the observatioins is but short, as it 
should be to warrant the dispensing with a correction for change of declination. 

On acf'ount of the constancy of its declination, a star is the best suited for the purpose 
of the present prohh m ; hut a change in the state of the atmosphere, during the in- 
terval of tho observations, may interfere with the precision of the result, especially in 
the case <»f low altitudes ; attention to tho indicatioui of the barometer and thermome- 
ter is there Tore necessary to the attainment of aecuraey. Ihii the observations, to he 
free from all source of error, should he made on shore ; foi it the interval be large, 
there is, at sea, some uncertainty as to the cSrrection for change of latitude; and if the 
interval b(‘ small, there is some uncertainty as to the altitudes, especially in high lati-^ 
tudes, on account of the .slowness with which altitude changes near the meridian. 

On ftndlng the Xaongitndo by & duroaometex,— From what is shown in 
th(' preceding articles, it appears that the time at the ship can be accurately obtained 
by means of altitudes of the sun or fixed stars, assisted by the longitude, by dead 
reckoning, and the time by estimation ; and therefore all that is necessary for tlie deter- 
mination of tho ship’s longitude is, that we know also the time at Ort»enwich at the 
same lustoat. If we can only discover what o’f^look it is at the f»ame instant at two 
diffijrent places on tho globe, however distant, we may at once infer the difference of 
longitude of those places. We have only to convert the difft^renceof time into degrees, 
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at the rate of 16" to one hour, to eilBot this object To find the time at Qfeenvich at 
any inotant is therefore to sdlTe the problem of the longitude; and as noticed at 
page 129, it is to supply this important informatira that so much *h«ll and peneTerance 
htfre been bestowed on the cArofiometsr. 

<. It is not necessary to the perfection of this instrument that it should show the 
exact time at Gheenwi^, which, in fact, a chronometer uerer does ; what is required 
is, that its^aodon be uniform and regular. The difforenoe between Greenwich mean 
dme at any Instant and the time shown by the chronometer, is the srrcr of the chro* 
nometer at that instant, and ita ayerage gain or lots in 24 hours is its fSMU daily rate. 
There is a depdt established at the Boyal Obserratory, Greenwich, for the reception of 
sueh ohrcmometers as the makers choose to send, and where their errors and rates are 
determined by the Astronomer Boyal ; imd few persons would now purchase a chro- 
nometer for use at sea without the proper official certifioate of these partioulsrs. If the 
origins? error on Greenwich me& time be allowed for, and *'the proper correction be 
made for the accumulated daily rate, the Greenwich time at any instant will of conrsc 
be correctly obtained, prorided that nothing has disturbed the action of the chronometer 
since it left the obserratory. 

It will hare been obserred in the foregoing articles, that the estimated longitude 
and time at the ship have been employed aolely for the purpose of getting the Green- 
wich time when the altitude was taken, with sufficient accuracy to enable us to get the 
bo^eclination or polar distance of the object obserred ; and we have seen that even a 
considerable error in the estimated quanUties will not sensibly affect the precision of 
the result. But if the chronometer can at all be depended upon, the Greenwich time 
of the observation will become known at once, and, unless great derangement of the 
chronometer hare taken place, with more accuracy than it can be found by the esti- 
mated longitude and time at the ship. The problem just disposed of may therefore be 
correctly solved by aid of even an indifferent chronometer ; but if the time at Greenwich, 
after the corrections for error and rate, be not correctly furnished by the instrument, 
there will of course be a proportionate mror in. the longitude iufeired Irinn it 

We are anxious that the student should clearly understand how it happens that, 
from eironeons data, we obtain accurate results even in a matter of so much delicacy 
as the determination of the time at sea. The enors referred to can affect only two 
elements of the calculation — the declination and the equation of time ; and from the 
slowness with which these vary, a few minutes, more or less, can have no sensible 
influence. 

Oa finding the Bjtte of a Ohxoxfomotox. — It is evident that if the rate of a 
chronometer remained invariable, the time at Greenwich could always be accurately 
* deduced firm it ; but a sudden jerk or concussion, change of climate, local attraction, 
and even the motion of traxisporting it from the observatory to the ship, may cause the 
rate to vary. The scientific navigator, therefore, avails himself of every favourable 
opportunity of ascertaining the rate of bis chronometer. This is best done when the 
ship is in labour, and in the neighbourhood of a fixed observatory, at which the rate 
may he ascertained like as it was at Greenwich. For this purpose the chronometer 
ne^ not be canied on shore. The time may be taken from it by a good seconds-watch, 
and the watch then carried^ to the observatory and compared with the mean time clock, 
the error of the chronometer, on the mean time at the place, will thus be seen ; and 
this comparison being repeated day after day, the daily deviation from the exact amount 
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of the error will be disooreied, aad hence the mean daily rate. The ship then aaili 
afresh with the tune at the new meridian, and therefore— the longitude of that 
being known^with the Greenwich timei 

Or without reaorting to a fixed oblervatory the rate may bo ascertained, when the 
ship is in harbour, by finding ^e mean time at the place, as explained in last probleii. 
A comparison of this with the mean timeeshown by the chronometer will, in like 
maimer, show the error on mean time at the place ; and the observations beang repeated 
day after day, the rate will become known. The altitiktoa may in general obtained 
with greater precision by taking them on shore, by rndbis of an artificial horiaon, the 
chronometer time being carried there by the watch. 

Every attention should be paid on ahip-board to circumstances likely to interfere 
with the rate of the chronometer, it should bo kept as much as po^ble out of the 
influence of changes of temperature, and its Iioriaontal position should remain midis- 
tiirbed ; to secure this permanence of position it is fTeqiiently suspended on jjimbals, 
like the compass. It should bo wound up by the action of the key alone, the chro- 
nometer itself being kept steady ; if the instrument be turned as well as the key, the 
motion of the balance wheel will be affected, and the rate disturbed. We hare hitheito 
spoken of iht chronometer, as if shijis in general canied only one ; but in long voyages, 
or in voyages undertaken for scientific purposes, ships usually take several ^ironometers 
as checks to one another, and to provide against accident. Captain Pitsroy, in his 
surveys of the ooast of South America, took so many as twenty-two chronometers. TJitf 
apartment in which the chronometers are kept is called the chronometer-room, and the 
temperature of it is sometimes regulated by lamps, with the aid of the thermometer* 
This should be the permanent depository of the time-keepers, and they should be 
meddled with only for the purpose of winding them up, which should be at the same 
regular interval ; and, of course, they should not be allowed to run down. 

The error and rate of a chronometer being found, as explained above, the longitude 
is determined as in the following example from Captain Eater's article in the Encyclo- 
paedia Metropolitana. • 

JExamplv^, 

1. On the 2nd of June, 1823, the true altitude of the sun's centre was 30® 2', when 
the chronometer showed 6h. Im. Os. ; the latitude was 40® 5' N. ; and the sun's 
declination at the time of observation 22° 9' 17'" N. The chronometer on the 20th of 
May preceding was 468. slow for Greenwich time ; its daily rate was 28' 1 losing, 
llcquircd the longitude of the ship. 

• 

1. Apparent Tim at Greenwich from Chronometer, 


h. m. a. 

Time by chronometer 5 10 

Slow April 20 45 

Loss from April 20 to June 2 . . . + 25 2 

Mean time at Greenwich 5 2 10*2 

Corresponding equation of time 2 31 4 


App. time at Greenwich 


t 


. 5 4 41-6 
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2. AppmmU tim at ship from trianpls PiCS. 

Hero ZS = 69° 58', PS= 67" 50' %r, PZ =: 49" 56\ to find P. 

ZS, 69" 58' 0'4 Arith. Comp. *0333098 

^ sin PS, 67® 60' 43" Aritli^ Comp. ‘1162768 

siaPZ, 49%65' 0" t 

2)irr 4^ 43" 

sin s, 88^ 51' 51" 9-9999146 

tia (s — ZS), 28’ 53' 61" 9-6841666 

2)19-8336678 

« 

cosh P, 34'* 20' ir'*6 ^ 9*9168339 

o - 

.• r = 68M0'35"*2 
2 

3)13,6 8 0 7,0 4 
4 32 

*• 2 40 »S‘»opage97. 

2*3 

App. time from noon at ship 4h. 3iin. 42s *3 
App. time at Greenwich (by chron.) 5h. 4m. 41s.*6 

Longitude AV. in time Ob. 29m. 

29m. = 7® 16' 

,50b. '0 = 1 4' 49'« .T See page 119. 

TiON',1 ri i>r. AV. T 29' 40"‘5 

2. On the 28tb of May, lvS2;;, in latitude O' 50' N., the mean of several observed 
altitudes of the star Antares, when eastward of the meridian 'waS 30'' 42', and the 
corresponding time by the chronometer was 9h. 3 5n.. 4os. The chronometer was too 
fast Ini. 5s. on April 20 at noon at Greenwieb, niiil its daily gain 'was 5s’4. The 
height of the eye was IG feet. Ilequiredflhc longitude of the sbio, 

1 ^pparen! iinif ni Greenwich from Chron'^^ wter. 

h. m. A 

Time by ehroiiomeU r 9 35 4.3 

b'ast April 20 . . ... — 15 

Gain from April 20 to A1 ay 2S . . . — .3 27 '5 

Mean time at Greenw ich 9 31 10*5 

Corrcspondii^g equation of time . . 3 9*2 

♦ . — » 

App. time at Greenwich 9 34 19'7 
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2. Apparent Urn at Ship from irianpk PZS. 

O t »' 

Kean of obseigred altltudoB 30 42 0 



• 

Dip — 3 60 

StafB apparent altitudes 

30 38 10 



Refraction 

— 1 39 

Star’s true altitude . . 

. . . 30 36 ' 31 

ZS, 

69 

r 90 

23 29 


sin PS, 

116 

1 37 

Aritli, Comp. *0464395 

sin PZ, 

89 

10 d 

Arith. Comp. ’ *0300459 

2)264 

36 6 


sin s, 

132 

17 33 

... 9-8690669 

sin (s — ZS), 

72 

54 4 

9 9803665 




2)19*8959188 

cos J P, 

27 

29 32 

9-9479594 


2 


P=: 

64 

^9 4 




2 



3)10,8 

11.8 .8 



o 

36 




3 66-3 

P'*e ]iage 07 

Polar angle in sid. time 

. 3h 

3!»m 568' 3 


Star's 11. A 

. 16h 

18m 31s'2 


P.A. of meridian . . . 

. 12h 38ra 31S-9 


Sun's K.A. May 28, at ] 

i 

19m 17 a 


9h 34iu 20» api). time j 


App. time at ship . . 

. 8h 

18m 17s'9 


App. time at Greenwich 

. 9h 

34in !9s-7 


Long. ^y. in time . . . 

. Ih 

15m 18*9 

Long. W. =: IS*" 45' 'JS' 


ExampUs for Exercise. 

1. On September 23, 184<>, in the afternoon and in latitude .'50^ 30' X., the observed 
altitude of the sun's lower limb was 1 V 0' 50", the index correction being; — 3' 20", 
and the height of the eye 20 feet. The chronometer showed 1 Ih 59m 30s. ; it was 
fast on Greenwich in(‘an time 45s*5 on August 21, and its daily rate was 5 p- 7 losing ; 
the sun's joclinntion at the time of observatifn beingJO' 41" 8., and the eejuation 
of time 7ni, 52 b‘3 ; also the Btm’s Bemi-diametcr was 15' 58" : required the longitude. 

Ane. Long. 110" 18' lo’' ^y. 
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2. In the afternoon of October 18f 1841, in latitude 15** 46' N. the obsenred altitude 

of the sun'a lower limb was 12" 40' : the chroometer showed 1 Ih. 12m. 428. Greenwich 
time of Oct. 17 : its error Aug, 12 at noo^was^ 6m. 26s. slow, and its daily rate was 
128' 6 gaining : required the longitude, the index torrection being 2' 30", the height 
ofi the eye 16 feet, and the following particulars bein^ furnished by the Nautical 
Almanac, namely— ^ 

Sun's dec* Oct. 17, 9* 18' 8" S. Hourly diff. + 54"*81. Eq. of time 14m. 348*3. 
Hourly + 0"*483. Sun’s semidiameter 16' 5". 

Ans. Long. 83“61' 45" E. 

3. On September 10, 1844, in latitude 48° 20' N., an afternoon altitude of Arcturus ; 
was observed to oe 31° 5' 40", the star west of the meridian : the chronometer showed 
5h. Im. 2Bs. : its rate, Aug. 25, was 4 b* 3 gaining, and it was 2m. 40s. slow on Green- i 
wich mean fime. The index correctioh was — 4' 10", and the height of the eye | 
20 feet also the sun’s R.A. at tlCe time of observation was llh. 19m. 18s., tbe star’s ' 
K.A. 14h. 8m. 34s'65, and its doclination 19° 59' 44" N. Required the longitude. ; 

Ans. Long. 32" 8' 20" E. | 

On Finding tlia Longitnde at Sea by Xiunar Obserwatlons.— The reader 
has sufficiently seen that the difTercnce of longitude between two places on the surface | 
of the earth is virtually the same as the difiercnco of time between those two places at \ 
the same absolute instant. Suppose, for example, that a rocket could be projected so 
hi^, and give out light of such intensity, as to be seen at the instant of explosion by two 
obser^^ers thirty or forty miles apart : the explosion takes place, of course, at a certain 
instant of absolute time : the mean-time clock at Greenwich might mark this instant — 
in the local reckoning of that place — as 3h. 20m. : an observer to tlio east of Greenwich ' 
might find the time at his place to be 3h. 22m. : the difference in the local reckon-' j 
ing would thus give a difference of 2m. in tlie time, although both observers saw the 
flash at the same absolute Instant ; and wc should conclude that the easterly place of 
observation had half a degree, or 30 nautical miles of east longitude. It is the same in 
reference to any other phenomenon ; lot only the time at Greenwich be noted which 
marks the instant of its occurrence, and also the time at any other locality which marks 
the same instant ; the difference of the times thus noted will be the longitude, in time, 
of that other locality from Greenwich, 

The heavenly bodies furnish signals in abundance analogous to the rocket-signal 
jhere imagined, and astronomers have only to make their selection suitably to the 
.circumstances of the observers : what arc called CJie lunar observations are the best 
adapted to determine the longitude at sea. « Certain stars, lying in or very near to the 
moon’s path, arc chosen, and the distance of the moon from each of these, as also from 
' the sim at noon (Greenwich time), and at every interval of three hours, is predicted 
and recorded in the Nautical Almanac for every day in the year. An observer at sea 
measures one of these distances, and refers to the Nautical Almanac for the Greenwich 
time when the some phenomenon happened ; he finds, most likely, that his distance is 
intermediate between a certain pair of the tbree-hourly distances ; he knows, therefore, 
that the Greenwich time is intermediate between the recorded hours; and, just as in 
the case of any other varying quantity— given in the almanac for regular intervals of 
time — he calculates the intermediate t^e corresponding to the intermediate distance 
by proportion. The motion of the moon is found to be sufficiently uniform, for a 
period of three hours, to justify an interme^te position being inferred in this way, and 
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it is sufficiently rapid to render her change of place sensible even in two or three seconde 
of time ; a trifling correction for variable xna^on will, however, be noticed hereafter. 

The lunar observations thtui enable the Aarinsr to discover the time at Greenwich 
independently of the chronometer, and thence to deternune the error of his time- 
keeper; and, therefore, by taking the difference between this error and that last 
recorded, to apply the proper correction to tiwP mean daily rate. The lunar observationa 
alone will not enable the navigator to find his longitude ; but they enable Jii^ to find 
what o’clock it is at Greenwich at the instant the lunar ^stance^was thus 

to correct his chronometer. ' 

Knowing, in this way, the time at Greenwich, we can very accurately compute the 
declination of the sun at the time of observation, or its right ascension, if the distance 
be that between the moon and a star, and thence, by means of the latitjpde of the place, I 
supposed to be already knovTi, we can find, as explainod at pages 183 and 138 , the time 
at that place, and thence the longitude. * , 

It must be remarked that the observed distance between two cdestial objects is not 
the trite distance, any more than their observed altitudes are the true altitudes ; these 
latter — the true altitudes— it is necessary to find, in order, from the observed, to 
compute the true distance ; for it is the true distance, as measured from the centre of 
the earth, that is predicted in the Nautical Almanac ; in other words, it is the pbserved 
distance cleared from the effects of parallax and refraction. Such being the case, the 
reader will perceive that the deduction of the Greenwich time, from an observed dig- » 
tance, is not wholly independent of all local information to be afforded by the ship’s 
s^TOunt : the estimated time at the ship) and the estimated longitude, are evidently 
useful for the purpose of enabling us to get the semi-diameter and horizontal parallax 
of the moon vrith greater precision, for these quantities, especially the latter, sensibly 
vary from noon to midnight, and they are elements which necessarily enter the cal- 
culations for reducing the moon's observed altitude to the true altitude. 

Wc shall now investigate formula for computing the true distance of the moon’s 
centre from that of the sun, or from a fixed star, by means of the appareiit and true 
altitudes of the two objects, and their apparent distance— timt is, the observed distance 
corrected for semi-diameters. 


Znwestigation of roimulm for Cleazinig the Ziunar Dietaace.— In the 

annexed diagram, let Z represent the 

zenith of the place of observation, and 7;, 

ZM, ZS the two verticals on which the 
objects are observed. Let m, s be the # 
observed places of the moon and sun, or yr 

of the moon and a fixed star, and let / \ 

M, 8 be their true places. As the moon 
is depressed by parallax more than it is / 
elevated by refraction, M will be above m ; 
but the sun, on the contrary, being more 

elevated by refraction than depressed by parallax, S will be below #. 

The corrections for dip, index error, and semi-diameter being applied, observa- 
tion gives the apparent zenith distances Zm, Z.^and the apparent distance m of the 
objects thomselvcs, and the proper corrections for parallax and refraction being 
applied to the apparent altitudes, wo get the true zenith distances ZM, Zl^ and 
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FQSXUtS POft CLSAJtlUG rHlS DISTAKCE. 


Ja.— — I III M III. I— — — — — — 1— I I ^1— — I I I >P— — I.— ... !■ 

the object of tho fiMMt i&vestigatiozi is to ^otenniiie the trae distance MS by 
coDi|iutation. 

Int 4 stand for the £ppai«nt disfaaxkoe* 

D . ^ . tid^ diitaaoe 

c Oy a^ . . . a^arest altitudes 

A, A' . . . . true iJiitiihdes 

By %lieric«d Trigonometry (Math. Sciences, page 403) the triangle MZS gives 
for cos i Ihe following expression, namely — 


008 Z = 


cos D — sin A sin A' 


cos A cos A' 

and the 'triangle mZ a gives in like manner 

Cos d — sin a sin a* 

cos Z = ; 

*• cos. a cos a • 

Hence, for the'determinalion of D we have the equation 

cos D — sin A sin A' ^ cos d — sin n sin <-»' 
cos A cos A' cos a cos a' 

from which we have for cos D the egression 


cos D = 


cos d — sin o sin a’ 


COB A cos A' sin A sin A' . 


cos o cos « 

k But since cos (o -f- o') = cos a cos a' — sin a sin a", this is the same as 

COB d 4- cos (o 4- o') — cos « cos a' , ... . . . . . , 

cos D = — , cos A cos A + sin A sin A' 

008 o cos 4 ; ' 


^ (cos d -f- cos (a a) j I 
i cos a COB 5 ’ 


cos A CCS A' 4 * shi A sin A 


If the — 1 within the braces be suppressed, we may restore it by adding cos A cos A' 

at the end, as is obvious. Hence 

^ cos d + cos (4 + o') . . , / * 1 , V 

cos D z= — — cos A cos A — cos [A 4- A ) 

cos a cos a ^ \ 1 / 

The'numerator of the fraction in this expression being the sum of two cosines, wo 

may replace it by a produci from the formula at page 30i) Mathematical Sciences, 

namely — 

cos 0 + cos <^ = 2 cos i (^ + ^) co^l i (0 JC' (p) 

so that we have 


cos D 


2 cos i { (flf 4" j cos i 

cos a cos a 


(a + c') -''dl . /A I A, 

— L . i L COB A cos A — 008 (A + A ■ 


Subtract each side of this equation from 1, then since by Trigonometry (Math* 
Sciences, p. 310), 

1 — cos D = 2 sin- i D, and 1 + cos (A + A ) z= 2 cos- i (A + A ) 
the equation after division by 2 becomes 


sin^ i D z= cos'’ i (A + A') - 


1 { 


(a + tt') + rf I fo g i {(« 4- «') ur> d j cos A 00 a A' 
cos a COB a" 


: cos^- -i (A + AO 


5 - 


cos i { ( fl + ffl') + d ) cos "I { (<i + a') d ) cos A eo3 i 
cos a cos a* cos^"J (A 4- A') 


Or, calling the second of these factri^ 1 — sin- 0, that is, cos® 0, we havt* 
sin® J D = cos® i (A + A') cos® B 
sin i D = cos J (A -f- A') cos B 


! 
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wMcli is known by the nftme of the formula of Borda. I^hii Ibmnla consists) we see 
of two parts ; the &att piKrt ^toteimines the , arq By and the leooixd by means of B com- 
putes D. The wockiiig medd is therdotc this, namdy 

. ✓ cos J ( {fl -f a*) + d j cos i ( ( « + «*} d ^ cos A cos A * ^ 

sm =s 1 / , ^ i (A 4- A') f (I) * 

sin i D = cos J (A + A') cos B j 

from which we see l^at the entire work for determining the true distance l)*may be 
conducted by logarithms. 

It may be worth while to remark, that we were fully justihed in assuming that the 
fraction in the foregoing expreasion for sin^ J D could be represented by sin^ B ; for this 
was only assuming that the fraction must be less than unity, or that the expression 
within the braces is positive, which it nocestferily is, because sin- J* D is necessarily 
positive. A desirable feature in this method of cleaning the lunar distance is, that 
sines and cosines are the only trigonometrical quantities employed in it ; a circumstance 
w’hich not only affords relief to the memory, but at the same time facilitates reference 
to the tables. 


Rule fox Cl60siii.s Lunax Distance. — ^The steps for calculating D from 
the formula just established may be described in words as follows : — 

Rule 1. Add together the apparent distance and the apparent dtitudes ; take the, 
difference between half their bw and the apparent distance, and nndomeath the result 
w^ritc the true altitudes *, and, leaving a gap for two lines, thea write half the som c f 
the true altitudes : the whole sum may be interposed in the space liiiia left. 

2. These directions having been complied with, it will be found that nim arcs have 
been written down, the apparent distsmee being the first. Then disregai^mg the first 
arc, as also the fourth arc, which is the sum of the preceding three, write opposite to 
each of the other towards the right, the word cosine^ prefixing, however, ** compto- 
ment** to the first two. Refer to the table of sines and oosmes for the quantities thus 
indicated, putting a pha mark after the Is&t corine, and a wtmm mark in front of it. 

3. Add up the first six of the numbers thus placed in Column, divide the sum by 
2, and subtract the oosino previously marked with the mime . the remainder will bi 


sin B. 

[These three precepts conduct us, therefore, to the value of the first of the two 
expressions in tb ' formula (1) above : the fourth precept following enables us to 
compute the second expression]. 

4. Take out cos S, putting a plm mark aftcy it, and add it to the cosine with the -f 
after it i the sum will bo sin i D ; taking, therefore, the corresponding arc J D out of 
the tables, and multiplying it by 2, wc have the true distance sought. 


£xamplt8, 

1. Suppose the apparent distance between the centres of the sun and moon to be 
83’ 57' 33'', the apparent altitude of the moon's centre 27® 34' 5", the apparent altitude 
of the sun's centre 48'’ 27' 32", the true altitude of the moon's centre 28® 20' 48", and 
the true altitude of the sun's centre 48® 20' 49" : required the true distance. 

. Here d = 83® 57' 33", « = 27® 84'^", a' = 48’ 27' 32" 

A = 28® 20' 48", A' =: 48® 26' 49" 
and proceeding by the rule, the work will stand llms : — 
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4 

a 27® 35' 5" . . * . comp, cob *0528390 

a' 48® 27' 32" . . . gomp. OOB *1783835 


2)169® 59' 10" 

J sum 79“ 69' 35" 

• } turn 3® 67' 58" 

A 28® 20' 48" 

A" 48® 26' 49" 

A+A' 76® 47' 37" 

J (A + A') 38® 23' 4'6"^ 
e 31®67'63"J 

e .... 

I D 41® 40' 27" 


COB 9‘2399686 

COB 9*9989587 

cos 9*9446275 

COB 9*8217187 


2)89*2358960 

19*6179480 

— COB 9^941664-^ 

. Bin 9*7237826 


COB 9*9285870+ 
Bin 9*8227524 


.*. D = 83® 20' 54" 

* In the foregoing operation more attention is pa^ to minute quantities than is 
neceasaiy in actual practice. Fractions of a second are of course always disregarded 
at Bea ; seconds themselyes are indeed ycry frequently neglected ; but this negligence 
in problems like the present is by no means to be commended. A table of sines and 
cosines computed to every 10 seconds — such ms the “ Tables Portatives" of Collet — wiU 
enable the computer to take account of his seconds, without entailing upon him any 
extra work w'orth mentioning. Tables of logarithmic sines and cosines, computed to 
every ten seconds, will also be found in the Nautical Tables of Inman and Mackay. 

The reader will have observed that, agrdcably to what is recommended at page 32 
of the iNTHoDUCTioif, the preceding rule directs that the table employed should not be 
applied to till the work con be advanced no further without Its aid ; and that when it 
is once in hand all the extracts from it, previously to the determination of 6, should be 
made before it is laid down. As a and A are always pretty close together, cos A may 
be taken out of the table immediately after comp, cos a ; and as a' is in like manner 
in close neighbourhood to A', cos A' may be taken out immediately after comp, cos a'. 

The above is, of course, a rigorous i^ethod of clearing the lunar distance from the 
effects of parallax and refraction, and provided only that the data furnished by the 
observations be correct, is perfectly accurate. By help of an auxiliary tabic, like that 
which forms table XLII., in the second volume of Dr. Mackay's treatise on the 
Longitude, the operation may be shortened. The table alluded to supplies the value of 

the expression log which is called the “Logarithmic Difference," and 

unlike some of the subsidiary tables for abridging the calculations required in the 
direct methods of working the present problem, it may always be used with confidence; 
this part of the trigonometrical o|)^ration may therefore be shortened without any 
sacrifice of accuracy. In general, however, the indirect methods of clearing the lunar 
distance, though often shorter than the direct methods, are proportionally deficient in 
precision. And the Author conceives that the strict accuracy of the results, and the 
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1 

1 

i 




unhesitating confidence that may consequently he always placed in the conclusions of 
the direct methods, by spherical trigonometry, produce a degree of satisfaction which 
more than compensates for the troubl^of a few additional references to those common 
tables with which every calculator may reasonably bo eji^pected to bo abundantly 
familiar. * • 

It will, no doubt, occur to the reader, that^stead of comp, cos, secant may be used ; 
observing to reject the index 10 from each secant. 

2. The apparent distance of the moon*s centre from the star Begulus was 
63° 35' 14", the apparent altitude of the moon's centre 24" 29' 44", the apparent 
altitude of the star 45® 9* 12", the true altitude of the moon's centre 25" 17' 45", and 
the true altitude of the star 45" 8' 15" : required the true distance. ^ 


d 63" 35' 14" 

</ 24" 29' 44" . . . compScos *0409617 

a' 45° 9' 12" . . . comp, cos *1516803 

2)133° 14' 10" 

i sum 66" 37' 5" cos 9-5986369 

J sum </» d 3" 1' 51" cos 9*9993921 

A 25" 17' 45" cos 9*9562230 

A' 45" 8' 15" cos 9*8484402 


A + A' 70' 26' 0" ' 2)39*5953332 


19*7976666 

h (A + A') 35" 13' 0" . . . . — cos 9*9122099 + 


e 50" 11' 23" bin 9*8864567 


0 cos 0*8063479 + 

JD 31° 32' 17.J" sin 9*7186678 


.*. D = 63" 4' 35" 


On Making tlie Obaexwationa. — ^In taking a lunar distance at sea, it is desir- 
able that there should bo ihrei observers ; one of these measures the distance between 
the limbs of the sun and moon, or between the limb of the moon and the selected star, 
and the other two take the altitudes of the objects at the instant the distance is 
obtained. A single distance, and a single corresponding pair of altitudes, is not in 
general considered as sufficient ; but a set of distances, and a set of corresponding 
^titudes, are usually taken, allowing as little time as possible to intervene between 
each observation : the moan of the distance, and thOi correBponding means of the 
altitudes, are then employed in the calculation. 

If, howeyer, there be but one observer, it wiljibe necessary that he have the aid of 
an assistant, to note by the watch intervals of time, the observer proceeding as follows. 
1, Lot the altitude of the sun or star bo taken : 2, then the altitude of the modn ; 3, a 
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set of distances ; 4, another altitude of tbe xuoon ; 5^ another altitude of the aun or 
star ; the times of each observation being noted. Then lest the means of the distances 
and times of observing them bo tsiken ; and Ve^uce the altitudes to the mean time 
thus found by 2>ropcHrtion. These aro the directions given by Norie ; but liieut. Kapor, 
dn experienced practical navigator, recommends as follows .—When the observer is alone, 
he will first observe the altitude of the otject fai'thest from the meridian, tlicn tlmt of 
the other object, and then the distance, concluding with the altitudes in the reverse 
order ; the reason of this order is, that the outer object preserves uniformity in its 
change of altitude for a longer time than the otlicr, and consequently its altitude may 
be reduced, by simple proportion, to an inter media to time with less error tlian the 
altitude o^tbe other objcHjt ; wc may add, however, that it is desirable that the outer 
object shoul\^ not be the moon. , 

When the ship has much motion, the observer fixes himself in a corner, or lies on 
his back on the deck, to taJto the distance, in order to remove, as iniuh as i)ussiblc‘, the 
sense of bodily effort and inconvenience which disturbs the eye and the attc'ntion. 
Three or five distances, at least, sliould be taken ; less precision is necessary" in taking 
the altitudes than in observing the distance, so 'that one altitude of each object, 
taken with ordinary care, will in general suffice, w’hen the time at the ship it* not to 
be deduced as w’dl as the true distance. 

« ^ Othez Methods of Clearing the Bistance As tlio problem of deducing the 

true lunar distance from the observed distance is one of sueb note and importance in 
Nautical Astronomy W'e shall present the reader w'ith some other methods, all like tlnC 
of Borda just given, conducted by the rigorous principles of sphoueal tiigonometry, a'^d 
requiring only the common bjgarithmic and trigonometrical tal)le.s; that is, only the 
logarithms of numbers, and the natural and logarithmic sines and cosines. 

The fir&t of these additional mctht>d5 wliioli wo shall offer is that of Delambre, tJie 
formula for which occurs in the invcstig.ition of tlie method given at p.igc 
namely — 


T., 2 cos i I (« 4- «') -b (^1 cos h t(a -4- «') d\ cos A cos A' y * i . 

D — ! L ! > ■- 1 cos (A 4- A ;. 

rtrxa n n/iC! it ' ' 


cos a cos a 


The logarithm of the first expression in this formula is calculated as in the method of 
Borda ; then the natural number answering to that logarithm is taken out of the table, 
and the natural cosine of (A 4” subtracted from it; the remainder is the natural 
cosine of the true distance. As this is a sort of mixed incihod, requiring icferenec to 
both logarithmic and natural cosines, attention must be paid to the change of radius 
in pajamg firoxn one to tho other : the expression which it is here proposed to find the 
cotminoa logarithm will supply four additive logarithms and two subtractive ones ; 
hence two tens, or 20^ must bo suppressed in the result (page 9) ; but if the arith- 
metical compleiDienta of log cos a, log cos a\ be addedy then four tens, or 40, must be 
Buppreased, and the result will then be the ordinary logarithm of the expression, and 
from the mmbsr anawering thereto, the nat eos (A 4- to be subtracted, as the 
formula indicates. 

Taking the example at page 148, in which 

d r= 33", a ^27^ 34' 5", a =r 48'^ 27' 32" 


^ A =a 28^ 29' 48", A' =: 48° 26' 40" 


The operation by the above method of Delambre will stand arranged as follows : — 
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d 83 " hV 33 " . 
a %T 34 ' 5" . 
rt' 48° 27' 32" . 

% 

2) 1159", 59' 10" 

i sum 79' 69' 35" . 
i sum cf 3° 67' 58" . 
A 28^ 20' 48" . 
A' 28" 26' 49" . 


. comp, coa *0523390 
. comp, cos *1783835' 
log. 2 *3010300 


coa 9*2399686 
cos 9*9989587 
cos 9 9445275 
cos 9-8217187 


log 3442921 = 1 *5369260^(40 supptegsod) 
A A' 70" 47' 37" nat. cos**2284595 ■ ■■'■■■ - * 

• - - • 

D 83^ 20 54" nat. cos 1158320 


nUicr formuLx may lie investigated as follows : — 

lleferring to the two expressions for cos Z at page 140, we have , 

I 4- .0 Z cos D + coa A cos A' — sin A aiu A' c^a I) cos (A A') 

* cos j cos A cos A' COB A cos A' 

1 4- ec s /i i_+. coa ri cos a' sin a sin a' ^ cob d >{“ + o') 

' ' cos a cos a' cos » cos «' 

coa I) 4- cos (A A') cos d 4- cos {n 4“ ^' ) 

cos A cos A' cos a coa a' 

* Cos D == j e<)8 d 4* cos (a 4- « ) “v — cob (A 4^ A ) .... 

' ' \ / j gu\a it /»rwi it ' 


From the same two expressions for cos Z, wo also have 


1 — cos Z 


cos A cos A' + sin A sin A' — cos D cos (A ^ A') — cos I) 


cos A cos A' 


cos A cos A' 


_ cos a cos rt' + sin a sin a' — cos d cos {a ^ al) — cos d 


1 — cos 2 


cos (A ^ A') — cos D cos {a jo a') — cos d 

cos A cos A' €08 a cos a' 

• cos D =: {cos d — cos {a in a')} cos (An A') 

^ ’ cos a cos o' ‘ 


The formula marked (1) and (2) are tolerably commodious by help of the common 
logarithmio tables ; as an exemplification of their advantages, we shall solve the 
example at page 149 by each. Tn this example the following quantities axe given, 
namely — . J * 

d = 63° 35' 14", a = 24° 29' 44", »' =: 45° 9' 19|f 
A =z 25" 17' 45", ■ = 45" 8' 15" 
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— f 

^Determination o/D dy formula (1). 


d G3^ 

35' 14" nat. cos *4448349 -f- 

Logarithms. 

a 24^ 

29' 44" * .r 

. comp, cos 

•0409617 

a 45“ 



9' 12" 

. cozEp. cos 

•1516803 

a + o' 69’ 38' 56" nat. cos •3477722'+ 




natural number -7926071 . 

. 

1-8990579 

A 26° 

17' 45" 

. cos 

9*9562230 

A' 46° 

8' 15" 

. cos 

9-8484402 

• 

ilatural number *7877042 . 

. 

1-8963631 

A +.A' 70° 

26* 0" nat. cos**3349034 — 

' 


D 63° 

4* 35" nat. cos *4528003 




With the exception of the middle logarithm in the column on the right, the sum of 
the numbers in that column may be found at once by a fable of the Logarithmic 
Difference as already noticed at page 148. Of all the auxiliary tables employed in 
if|utical Astronomy, or at least in that part of it with which we are here occupied, the 
table alluded to is perhaps the most useful ; the element it furnishes enters into nearly 
all the methods of clearing the lunar distance. 

As far os the author knows, the method just given is new ; but rules for clearing 
the distance are so numerous, that it is more than probable it has appeared elsewhere. 
In working by this method, it is best to take the formula itself as a guide, and to 
attend to the algebraic sign of the factor | cos d -f cos (a + ®') ) • this should bo 

negative, the hrst natural number above is still to be treated as positive ; the second 
natural number, which is the product of the two factors in the formula, will then, 
however, be negative, and from this negative number the nat cos (A A') is to be 
subtracted as above. 


Determination ofDhy formula (2). 


d 63“ 35' 14" nat. cos *4448349 + 



a 24“ 29' 44" 

comp, cos 

■0409617 

o' 45“ 9' 12" 

r 

. comp, cos 

•1516803 

a o' 20° 39' 28" nat. cos -9357042 — 



, natural number *4908693 

. 

1*6909659 

A 25“ 17' 45" 

. cos 

9-9562230 

A' 45“ 8' 15" 

. . cos 

9-8484402 

natural number *4878329 

. 

T-6882711 

A c/» A' 19“ 60' 30" naj. cos *940^341 + 



D 63® 4' 35"#iat. cos *45280X2 
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The first of the preceding natural numbers is, by the formula, negative, though 
treated os positiTe. In consequence of this, the second natural numlMr — which is the 
product of the two factors in the formula— is also negative, so that cos D is the 
diferenee between the last nat. num%r and cos (A A'). 

This last method of clearipg the distance is the same as that proposed by Mr. Eei^, 
in his treatise on Trigonometry, and, lilte the one previously given, is capable of 
abridgment by means of the table of “ Logarithmic differences.'* 

The reader will observe that the natural cosine of D, arrived at above, differs by 
four units in the seventh place of decimals from the natural cosine of D in the former 
method, although the resulting arcs differ only by a fraction of a second. Occasioual 
insignificant discrepancies of this kind must be expected, in working the same example 
by different methods with tables. In looking at the ** differences" in tables, it will bo 
seen that in some parts the difference betweeh two consecutive num^cr^ is large, and 
in other parts small. In proportioning for on intemfediate number, in the former case 
a comparatively large difference will have but small influence, while in the latter case 
a comparatively small difference may have a very sensible effect. But a discrepancy 
in the seventh place of decimals is of no moment even in working to seconds. 

All the preceding methods of clearing the lunar distance are independent of sub- 
sidiary tables ; a large collection of compendious rules for working the problem by 
special tables will be found in Dr. Mackay's valuable treatise on the Longitude ; and a 
very short form of operation is also given by Mr. Woolhouse in the Appendix H> 
White’s Epbemeris, 1865. * 

Before leaving the present problem^ it may be useful to observe that the altitudes 
of the objects are not required to that precision with which the distance should be 
taken : this is a desirable oircumstan<^e^ because, from the frequent obscurity of the 
sea horizon, it is more difficult to got the altitudes accurately than the distance. If 
reference be made to any of the formulae given in the preceding pages, it will bo seen 
that d remaining the same, a small alteration in the values of a, a\ and the same 


alteration in those of A, A’, cannot produce any sensible effect upon the value of D : 

the factor — the logarithm of which is, in nautical tables, called the 

cos a cos <1 ’ ® ^ ^ 


Logarithmic Difference, is always very nearly equal to unit, as is obvious ; and this is 
the principal reason why a small error in the altitudes does not sensibly effect the 
distance. It is of importance, however, that the proper corrections he carefully applied 
to the observed altitudes to obtain the true altitudes, even though the former should 
not have been taken with precision— the relative values of the observed and true alti- 
tudes must still he preserved. With a vievi to the determination of the longitude from 
the lunar distance, accuracy in these corrections is of much importance; and the 
neglect even of those depending upon the state of the atmosphere, as indicated by thc» 
barometer and thermometer, will sometimes occasion an error of more than thirty 


minutes of longitude. 

From what is here said, the learner will perceive that a few seconds may always be 
safely added to or subtracted from the observed altitudes, if such a modification ho 
found to facilitate the calculation, the seconds may, for instance, be always made a 
multiple of 10. The observed altitudes may indeed, without occasioning any appreciable 
error in thp result, be taken to the nearest mini)|e, and evefi an imperfect altitude, that 
may err from the truth by so much as two or three minutes, may still be employed 
with safety, provided the time is not to he Cf»mputed as well as the distance. * In most 
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cases an error ol altitude to tbe extent of 10 minutes will alBEbct the resulting diatancw 
by leas than thafcmumber of seconds. It is also worthy of notice that the apparent ^ 
distance itself may be so modided as to be rendered free from seconds, provided that, j 
when D is deduced, the seconds of error, whether in defect or excess, be applied in the i 
re'^ 5 prse way to D. •• I 

But except in the merely aj^roximative methods of solution, seconds cannot he | 
wholly dispensed with throughout the work : the corrections for deducing the observed 
altitudes to the true will always introduce them. By means, however, of the tables 
already referred to, in which the trigonometrical quantities are computed to every ten 
seconds of the arc or angle, the proper allowance for the odd secmids may always be I 
made with hut < omparatively little extra trouble. 

. ' Examples foi' Exercise. 

1. The apparent distance between the moon’s centre and a, star is 6 r 30' 40" ; the 

apparent altitude of the moon’s centre 44 ’ 33’ ; the apparent altitude of the star 1 1” ol' ; 
the true altitude of the moon’s centre 45'' 15' 38" ; and the true altitude of the star 
11° 46' 33" : required the true distance. Ans. D =: 64 46' 14". 

2. The apparent distance between the centres of the sun and moon Ls 108^' 14' 34' ; 
the apparent altitude of the moon’s centre 24'' 50' ; the apparent altitude of the sun's 
centre 36° 25' ; the true altitude of the moon’s centre 25 ' 4 1' 30" ; and the true altitude 
o^the sun’s centre 36° 23' 50" : required the true distance. Ans. D =: 107° 32' 1". 

*3. The apparent distance between the centre of the moon and a star is 51° 28' 30" ; 
the apparent altitude of the moon’s centre 12° 30' 4" ; the apparent altitude of the star 
24° 48' 17" ; the true altitude of the moon's centre 13° 20' 40" ; and the ti'uc altitude 
of the star 24" 46' 14" ; required the true distance. Ans. B == 51" 9' 48". 

4. The apparent distance between the moon’s centre and a star is 31° 13' 26", 

the apparent altitude of the moon’s centre 8° 26' 13" ; the apparent altitude of the star 
35° 40' ; the true altitude of the inoon’s centre 9° 20' 45" ; and the true altitude of the 
star 35° 38' 49" . required tlie true distance. Ans. B = 30° 23' 56". 

5. The apparent distanee of the centres ot the sun and moon is 90° 21’ 17" ; the 
apparent altitude of the moon’s centre 5° 17' 9" ; the apparent altitude of the sun’s 
centre 84° 7' 20" ; the true altitude of the moon’s centre 6° 9' 14" ; and the true alti- 
tude of the sun's centre 84° 7' 15" : required the true diatoncc. Ans. B =: 89" 29' 18". 

Note. — The method of finding the true distance between the centre of the moon 
and a star is the same as that for the distance between the moon’s centre and a planet ; 
in the case of a star, the true altitude is deduced from the apparent altitude by 
applying the correction for refraction merely ; but ill the case of a planet, a correction 
may be necessary for the parallax in altitude. But in general this correction may be 
neglected, as it is usually too small to he of much importance. 

On Gomi^iiting the Altitudes. — It sometimes happens that, though ciremn- 
stances may be favourable for talcing a lunar distance, yet the obsKurity of ^e hortaon 
may present an obstacle to the observatiens for altitude ; in sneh a case the true 
altitudes will bare to be computed, and from these the apparent altitudes may be 
dodueed, by applying the corrections the contrary way. To compute an altitude it is 
necessary <40 know the hour-kn^e, or a%:!n^lar distance, of the object from the meridkn. 

If the object be the sun, tfaia aiDg;le is the apparent time from the meri<han ; and as the 
altitude, as already remarked, is not required with preeision, the estimated time at the ( 
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ship will answer for the purpose. If the object he the moon or a star, the sun's light 
ascension, at the instant^ must he increased or diminished by apparent time, 
according as this time, is p.m. or a.m.,*to get the right ascension of the meridian ; the 
difference between this and the right ascension of the object is the hour-angle or the 
meridian distance of the obj^set. The hour-angle being thus found, a formuk for the 
altitude may be inyestigated as follows : — • 

Let P bo the hour-angle, I tho co-latitude, z the co-eltitude, and p tho polar distance 
or co-declination. Then the fundamental formula of spherical trigonometry gives, 

ft cos z — cos I cos p 

cos I' = — — T — r-: 

Bin i sm p 

cos :: = cos / cos p + sin / sin p cos P ; hut cos P = 1 — 2 sin V 
cos z = cos / cos^ + sin / i|jn p — 2 sin ? sin p sin**i P 
/. cos c = cos c/> p) — 2 sin I sin sin P . . . (1) 

By means of tables of natural and logarithmic sines ami cosines, the coialtitude 
z may be obtained from this formula ; but to adapt it wholly to logarithms, let 1 be 
added to each side of tbo equation, then remembering that 1 -f- cos A = 2 cos* A, 
M O have, upon dividing by 2, 

cos 2 = cos ‘.j (/ p) — sin 7 sin p sin ^JP 

== cos “ J (/ vT p) ( 1 — sin I sin p sin ^ J P see (i ^ p) } 

Put cos *M for the expression within the bratjcs ; then for computing the altitude 
that is the complement of s, we have the following formula, — ^namely, “ 

( sin M = sin § P sec ? (/ -r, p) y'sin / sin p ) 

sin 4 (<i + 90"') = cos i (( p) cos K f 
or, which is perhaps a little more convenient, 

sin M = “i/sin ^ sin p ) 

cos 4(^ vT p) } . . . . (2) 

sin 4(o 90^) =r cos 4 p) coa M j 

Suppose, for example, that by means of the estimated time at the ship, and the 
longitude by account, the moon’s angular distance from the meridian is found to be 
1^3' 30', at tl(c time of taking a lunar distance in latitude 38^ 14', the moon’s co- 
di'clination reduced to th^time, being 64 ’ 13' 13"; required the apparent altitude by 
computation, the obscurity of the horizon preventing an observation. Working by the 
formula (2) the operation is as follows, where P = 33® 30', p = 64"^ 13', / = 51® 46' 

^ 51“ 46' . . . 1 sin 4*947572 


p 64^' 13' . 
JP 16“ 45' . 
^ p) 6“ 134' . 


. . 4 sin 4-977228 
. . sin ^ 459688 
comp, cos *002568 


cos 9*997432 


sin 9*387056 ... cos 9*986683 


i (a + 90’) = 74® 33' • . . sin 9*984115 

2 

OSS 59® 12' the true altitude 


correction for parallax and refraction -^28' • 


58” 44' the apparent altitude. ^ 
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It is obvious, that in strictness, the correction for parallax and redaction should be 
taken out of the tables in accordance with the apparent altitude, not the true altitude : 
the correction above, therefore, belongs to an altitude somewhat too great, so that only 
an approximate apparent altltude'is in reality dcdtlced from the true altitude. The 
prefer correction may, however, bo found by again eijtcring the table with this 
approximate apparent altitude; wc shall thus get 27' 54" for the correction instead of 
28', so that the correct apparent altitude is 58^* 44' 6". 

Unless the time at the ship is to bo deduced, precision is not necessary in computing 
the true altitude ’.—seconds may always be disregarded, and the result found to the 
nearest minute as above. But seconds should not be neglected in the corrections. 

It is of impo> umce that the practical navigator have a duo appreciation of the value 
of small quantities in the computation of the true lunar distance : it is only in the 
apparent altitudes that precision can be' dispensed with. In finding /a^t7u</0, if the 
result be, brought out to the ncafest minute the demands of '"practice will be fully 
satisfied, as the error cannot exceed half a mile ; but an error of only twenty- two 
seconds in the lunar distance will, on the average, occasion an error of ten minutes of 
longitude, which, except in high latitudes, is equivalent to seven or eight miles, and 
within 36® of latitude the error would range from eight to ten miles. Too much pains 
and caution cannot therefore be exercised in observing a lunar distance : the instrument 
should be of the very best description, and the observer should have a well-disciplined 
eye ; but the corresponding altitudes may be safely taken by a less skillful person. 

*kn interesting incident is related by the late Captain Basil Hall, an officer who 
was highly accomplished in the science of his profession. He once sailed from San 
Bias, on the west coast of Mexico ; and after a voyage of eight thousand miles, occu> 
pying eighty-nine days, he arrived off Rio J aneiro, having in this interval passed 
through the Pacific Ocean, rounded Cape Horn, and crossed the South Atlantic, without 
making any land or even seeing a single sail, with the exception of an American 
whaler off Cape Horn. When within about a week's sail of Rio, he 'set seriously about 
determining, by lunar observations, the longitpde of his^hip, and then steered his 
course accordingly by those common principles of navigation which may bo safely 
employed for short distances between one known position and another. 

Having arrived to within what he considered from his computations to bo about 
fifteen or twenty miles of the coast, he hove to, at four o’cloct in the morning, to await 
the break of day, and then bore up, proceeding cautiously onward on account of a thick 
fog which enveloped the ship. As this cleared av/ay the people on board had the 
satisfaction of seeing the great Sugar-loaf Rork, which stands on one side of the 
harbour's mouth, so nearly right a-head thik they had not to alter their course above a 
point, in order to hit the entrance of the harbour ! This was the first land they had 
Aeen for three months, after crossing so many seas, and being set backwards and 
forwards by innumerable currents and foul winds. The effect on all on board was 
electric, and the admiration of the sailors was unbounded. 

Something in this remarkable case may have been due to a compensation of small 
errors ; but it is only fair to conclude that the accuracy with which the ship’s position 
was ascertained, was almost entirely attributable to the precision with which the lunar 
distances were taken, and the care with which the computations were executed. 

" fei 

To dotormino tl&o Xionsitudo from the Ziiuuur Obsorratlons.— In the 

preceding’ articles we have shown at considerable length how the true distance between 
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the moon and the sun, or a fixed star, as seen from the centre of the earth, may he 
determined from the observed distance taken from the surface. It was also shown, by 
means of the altitude of a celestial gbject whose decimation is known, and the latitude 
of the place where the altitude is taken, how the time at that place may be found. 

The determination of ft lunar distance necessitates the determination of %e 
altitudes of the objects whose distance is observed, so that the data for finding the 
true lunar distance involves likewise the data for finding the time when that dis^ce 
had place. But, as already remarked, if these two objects be sought to be accom- 
plished, the altitude employed for the purpose of ascertaining the time at the ship 
must be taken with a degree of precision which is not indispensable in working the 
lunar:** much more care and accuracy is requisite in observations of altitude for time 
than for either latitude or lunar distance ; and on this account the^tim^ at ship is in 
general determined independently by one or other ^f the methods explained at pages 
133, 134, &c., either shortly before or shortly after the distance is taken. By means 
of the chronometer or watch the interval between the time thus found and the instant 
of taking the distance is known, and the proper correction for change of longitude in 
that interval being made, wc get the time corresponding to the distance. 

We have just said that the altitude — or rather the set of altitudes — ^for determining 
the time are taken shortly before or after the observations for the distance, whenever 
these observations are not themselves sufficiently accurate for the purpose. It is 
desirable that the interval should not be large, beeguso the difference of longitude in 
that interval may be large too, and oqr estimation of its amount is, therefore, liable to 
a larger error. But as it is important to get the altitude as precise as possible, the 
situation of the object should be aa near the prime vertical — that is, as nearly due east 
or due west as possible (page 132). Tliere is thus room for the exercise of some 
judgment : the object selected for the determination of the time at ship should bo near 
the prime vertical, and it should reach this position shortly before or shortly after the 
observation for the lunar distance. Whenever the weather is so favourable as to 
render all risk of losing Hie anticipated observation but very small, it is prudent h) 
wait till these conditions are fulfilled, provided other circumstances are such as to 
allow of the delay. In general, the object best suited to the determination of the time 
at sea is the sun, as its declination, though varying with the time, changes so slowly 
08 to bo deducible accurately enough for the purpose from the estimated time, or time 
by account, as sufficiently shown at page 136 ; a fixed star, however, is very suitable 
for the purpose, whenever it is nearly due east or west, and tho horizon clearly enough 
defined to admit of an accurate observation of its altitude. 

The object of tho lunar distance is to find the time at Greenwich at the instant 
that distance has place ; and the object of the other, or extra observation, is to find tbp 
time at the same instant at the ship. The difference of the two times gives the longi- 
tude in time. The Greenwich time is obtained by comparing the true distance, deduced 
from the observation, with the nearest predicted distance, supplied by the Nautical 
Almanack, in the way that will be explained presently. It may be well, however, first 
to show what will bo the average effect on the inferred longitude of a given error in 
the determination of the lunar distance. 

j 

SfitMt on the X>ongitudo of an sfior in the Lunar Dirtanco,— The 

mean diurnal motion of the moon in her orbit is 13^*l764 : at certain limesdt is about 
2“ slower, and at other times 2“ qmcker ; hut this is her average rate of motion; so 
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, , . 

that, on tbe avmge, 660'’ «f longitiide (or 21h. of time) oorxespond to 13°*1704 of the 
mo(m*a {orogresB. Honooi to ftod the orror in longitude jiroducod bj an ncror of a 
fieooada an the distanoe betimn tbe moon and k !^sed star in her path, wo havo tbo 
proportion 

H-'-ire* : seo” : : 8 € = ^7 8228 

whida ahowa that the error la the longitude ii 27 322 times the error in the distance. 
Thus an mor of 10" in the lunar distance causes, on the average, an error of 273''‘22 
in the resuItiBg longitude, or 4' 33''‘22 ; and an error of 1' in the distsiLce oauaea, on 
the avmge, an error of 27' 19''‘3 in the longitude. 

The mare rapidly the moon moves, the less is the effect upon the longitude of a 
given error in the lunar distance : the m&i^t rapid change in three hours is very nearl}' 
I’ 48', or 1^‘8 ; so that lor any error a in the distance, the corresponding error in 
, ^ 45a 

longitude, in the most favourable case, is = 250. Hence, in tbe most ^vourablc 

case, the error in longitude corresponding to an error of 10'" in the lunar distance is 
250" = 4' 10"; and the error in lon^tude caused by an error of 1' in the lunar 
distance is 25' . M every inaccuracy in the distanoe becomes thus increased twenty* 
five fold in the longitude deduced from it, even in the most favourable case, the reader 
will at once perceive the importance of seeming precision in this dement. Several 
distances ought to be carefnlly observed, and the mean of them all employed ; and 
scrupulous attention should be paid to the correction* of the altitudes, though, as 
already remarked, the altitudes themselves need not be taken with the utmost nicety. 

To obtain the time at Greenwich corresponding to the true distance determined 
sea, requires an operation in simple proportion. To facilitate this operation, Dr. 
Haskelyne — to whom, indeed, navigators arc indebted for originating the Nauticuil 
Almanac — contrived the table of “Proportional liOgarithms," to be found in every 
colioction of nautical tables. As proportional logarithms have not as yet boon alluded 
to in the present treatise, it will be necessary tc say a woiA or two about them here. 

PropovUnnal Xrf»gnxitlims.— These logarithms are deriv ed from the logarithms 
in common use, thus -Prom the logarithm of 10800, the number of seconds in 3 
hours, subtract tbe logarithm of a, any portion of time, in seconds, loss than 3 hours : 
tbe remainder is called the proportional logarithm of o ; in other words, 

Prop. log. a = common log. — ~ ~ 

If0= 10800, then Prop. log. a = com. lOg. 1 = 0; so that proportional logarithms 
arc, in fact, complements of the ordinary logarithms to the number log 10800 ; just 
ks the arithmetical complements of ]ug sines and log cosines ari‘ complements to 10. 

As already remarked the lunar distances given in the Nautical Almanac, arc cal- 
culated for every three hours of interval. Suppose a distance is determined at sea, at 
some Grocnwidi time within one oi these intervals ; we seek in the Almanac for the 
nearest distance, preceding, in order of time, the given distance, and take the diflfcrcnce 
between it and the given distance : call this and the difference between the two 
thrce-bourly distances, intermediate to which the given distance occurs, call 1) ; then 
hy proportion we should have for the tikxe r)', coiTcsponding to tiic given distance, 

D : flf . : 3** ; 

and therefore in common logarithms we should have 
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log **» = log 5J» + log rf— log D. 

But since 3*^ = 10800", the i^ope^oaiii iogantlm of ^hich is 1, we should has® 
in proportional kgaxitliiiia • 

Prop, log = Prop, log i — Prop, log D. 

In the KaUtic^ Almirntw^r^op. log B i|hiserted between the distaaees there gi^n, 
at the beginning and end of erery three hours, eo that hj subtracting this giren pro- 
portional logarithm from the proportional logarithm of ef taken out* of the talde we get 
a proportional logarithm, answering to which in the table is the portion of time to bo 
added to the hour of the earliest distance : the result is the Greenwich mean time cor- 
responding to the given distance. 

For eaamide : Suppose it were required to hnd the Greenwich mean time at which 
the true distance between the Moon and Pollux was 32’ 30' 26", on* January 14, 1846, 


By inspecting the distanees in the Nautical Almgnao for that year, we find against 
J aiiuary 14, and opposite the name of the proposed star, Poilujn the foUowiUg row of 
lunar distances : 


Midnight. 

Pr.log. J xT^* 

1 Pr.log. 

xviii'*' Pr.log. xxi^* 

Pr.log. j 

3P ty 25" 1 

1 mn 1 ssMTis" 

i 3312 1 

1 81^ 35' 41" 3SW S5®5y31" 

3398 1 


from which it appears that the time at Greenwich corresponding to the given lunar 
distance was between midnight and XV hours, the nearest distance preoeding, in order 
of time, the given distance is therefore the distance at midnight ; w'e therefore proceed 
os follows ‘ — , * 


Distance at midnight 3r !§' 25*' . 
Given distance 32’ 30' 25" 

. Prop. log. of diff. 3368 

Difference 0 U' 0" . 

. . Prop. log. 6425 

Portion of time aftm midnight lb. 29m. 2s. . 

. . I^rop, log. 3057 


Hence the Greenwich mean time, when the distance was as stated above, was 
13]i. 29iu. 23. • 

If the dtstanco increased with perfect uniformity during the interval within which 
the given distance ivS found, the Greenwich time corresiwnding to that given distance, 
dctermineil as above, would be strictly correct, but as such is not the case, a correction 
should be ajiplied to the time so found, for the variation of the differences of the 
distances. tabic for obtaining such corrections of the approximate interval of time 
as found above, is given in the Nautical Almanac. In the example above, the cor- 
rection comes out 8s. additive, so th»4 the corrt'ct Greenwich mean time is 
1 oh. 29m. 10s. ; the neglect of this correction would, however, occasion an error of only 
2' in the longitude ; but in extreme, and therefore of course, unusual, cases, the errox 
in longitude, from a neglect of this correction, mighi amount to so much as 12' in the 
longitude. 

Besides the use of proportional logarithms in connection with the lunar problem, 
they also serve to point out the star which is most favourably circumstanced for 
accurate observation ; that star being to be preferred which has the Uffsi proportional 
logarithm opposite to it : for as already shown (page 158), the greater the velocity of tho 
moon from or towards a star, the greater is thcj^f-cliance to*1)c placed on an observation 
(if the distance ; in other words, tho less is the effect of a small error in the distance 
upon the longitude. It is a proi>erty of proportional logarithms to decriJase as the 
natural numbers answering to them increase ; a smaller proportional logarithm, there- 
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fore, indicates a greater Telocity of the moon, or greater variation of distance in the 
interval, upon which the value of the observation depends. 

We shall add another example or two of findii^g the Greenwich mean time, corres- 
ponding to a given lunar distance on a ^ven day. 

* 2. On August 2nR, 1836, the distance ^f the moon from the planet Kars was found 
from an observation at sea to be 56'" 30' 8" : the Nautical Almanac gave 


Aug. 2 at 3h., Stance . 

. 67® 

43' 

69" 

Pr. log of diff. 

. 2948 

Given distance 

. 66^ 

30' 

8" 


Difference 

. 1® 

13' 

61" 

Pr. log 

. 3869 

Portion of time after 3h. 

. 2h 

. 26m 

. 36s. 

Pr. log ♦ 

. 921 


Hence the moan ^mo at Greenwich was 6h. 25m. 3Gs. 

3. On April 7, 1831, the true distance between the sun and moon was found to be 
Go'’ 64' 48" : the Nautical Almanac gave 

April 7 at noon, Distance . . 67^" O' 8" P. L. of diff. . 3061 — 

Given distance . . . .65'’ 64' 48" 

Difference 1® 6' 10" P. L. . . ,4112 

Portion of time after noon . . 2h. 11m. 368. P. L. . . . 1301 

Hence the Greenwich mean time was 2h. 11m. 358. 

4. On November 22, 1853, the true distance of Saturn from the moon was found 
to be 77'* 52' 45" : the Nautical Almanac gave 

Nov, 22 at 3h. Distance 77® 14' 40", and P. L. =: 6745 
Eequired the Greenwich mean time. Ans. 4h. 13m, 56e, 

The proportional logarithms annexed to the Lunar Distances in the Nautical 
Almanac, and most of the tables of them inserted in books on Navigataon, ore limited 
to four places of figures ; in certain parts of the table, this number of places is too few 
to show any difference for two, or even three consecutive arguments: thus the pro- 
portional logarithms of 2h. 41m., 2h. 41m. Is., 2h. 41m. 2s., are all the same, namely, ^ 
484 : this is a defect. In Dr. Inman's Nautical Tables, the proportional logarithms ^ 
are given to five places of figures, so that the logarithms of consecutive quantities nic 
not confounded. If five-figure proportional logarithms are used in finding the Green- 
wich mean time corresponding to a lunar distance, then the proportional logarithm of 
the difference between the consecutive luffar distances in the Almanac must bo sought 
for in the table, as the Almanac gives it to only four places of figures. Thus, taking ! 
*tho example just given, 


Given distance 

. 77® 

62' 

45" 



Not. 22, at 3h., Distance 

. 77® 

14' 


from Naut. Aim. 

„ 6h. „ ^ 

. 78® 

47' 

24") 



Difference of dist. in Alru. 

. 1® 

32' 

44" 

. Prop, log 

28804 — 

Diff. of given dist. and that at 3h. 0® 

38' 

6" 

, Prop, log 

67464 

• 






Time after 3 hours . 

. lb. 

13m. 

658. 

. Prop, log 

3SBS0 


Hence the Greenwich mean time was 4h. 13m. 65 p. 


LONGlXUDiS, BY LUNA.E 0B6B|iyAX10HS. 

— >1 — i,— ^ 

BxampUa of determining th€Longitud$ from Jjmar Ohs&^aHoM. 

The foregoing artieles contain all ihat is necessary for the determination of the 
time at the ship, and the time at Greftiwich, at the same absolute instant ; and it has 
been sufficiently explained’ hjw these two determinations mad immediately to th^ 
discovery of the longitude, as in the foUowkg examples : — 

Example 1. On the 1st of September, 1846, the true distance of the star Antares 
from the moon’s centre was 39"* 48' 20", the mean time at the ship being 8K 14m. 128.: 
required the longitude. 

The time at tlie ship at the instant the lunar distance was taken being known, 
wc have merely to find the Greenwich time corresponding to that distance, We seek, 
therefore, among the predicted lunar distances in the Nautical Almanac, for that one 
preceding it in order of time, which is the hcarest to it, and ta£e the difference 
bctv^'ccn the two. The proportional logarithm, annexed to the distance extracted 
from the Nautical Almanac, subtracted from the proportional logarithm of tli^ dif- 
ference, will give the proportional h>garithm corresponding to a portion of time to 
])c added to the time at which the distance taken from the almanac had place. 
The result will bo the time at Greenwich corresponding to the given time at the 
ship. Thus : — * 

Sept. 1, at 6h., distance (Naut. Aim.) ... 38® 50' 28" P. L. 2287 — 

I Given distance .... 39® 48' 20" * 


Difference 0® 57' 52" P. L. 4928 


Time after 6h. ... Ih. 37m. 698. P. L. 2641 

Time at Greenwich . 7h. 37m. 59s. — — 

Time at ship .... 8h. 14m. 126. 


Longitude £. in time • Oh. 36m. 13s. 


Then page 119, 36m. = 9® 0' 0" 

13s. = 3' 15" 

Longitude 9° 3' 15" East. 


In this example the mean time at the ship is supposed to have been determined by 
one or other of the methods already explained, and the true lunar distance to have 
been deduced from the observed, as shown in the preceding pages. But it will bo 
instruidive to exhibit, in a connected form, the operations necessary for ascertaining 
the longitude from the ship’s account, in combination with the astronomical observa- 
tions ; we shall, therefore, proceed to an illiistration or two of this kind, conducting 
the nrortess by the following steps ; — 

1. TTio first object will be to get, from the ship’s account, the approximate time at 
Greenwich when the observations are made. 

By help of this approximate Greenwich dati^wc shall fnd scaii-diameter, hori- 
zontal paralBix, declination, &c,, at the instant nf observation, sufficiently near the 
tnilh for our ultimate puriKisc, because, as already seen, lbe?o elements vary so slowly 
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that eyezL a large error in the time oftn xiever affect their values except in a very trifling 
degree. 

2. The next thing will be to apply the necessary corrections to the observed in 
order to obtain the apparent and true altitudes and the apparent distance. Sufficient 
data will thus be obtained for deducing both the time jit dbip and the time at Green- 
wich, and it is matter of indifference whiSh of these req^uisites is determined first, when 
the time at the ship is deduced from either the sun or a star. 

An error in the ship's account will but very slightly aflfect the time at ship when 
the observation is made, unless this time be determined £ron 4 mo(;n (page 138) ; 
but the altitude employed must be taken with care. 

An error in the ship’s account will, in like manner, but very slightly affect the 
lunar distance, «and thence the time at Greenwich; for the moon’s semi- diameter, 
though dependent on the time, varies too slowly to cause its approximate value, 
deduced from the estimated (Sreenwich time, to differ fibm its true value, at the 
instant of taking the distance, by any appreciable amoiint ; and as far as the altitude 
is concerned, it has been seen that this difference is of no moment. 

Example 2. On February 12, 1848, at 2h. 36m. p.m., mean time by estimation, in 
latitude 63'’ 30' S., and longitude by account 15® 30' E., the follo^ving lunar observa- 
tion was taken : — 

Oba. alt. sun’s L.L. Obs. alt. moon’s L.L. Obs. dist, nearest limbs. 

, 29’ 17' 26" 25® 40' 20" 09 ’ 27' 30" 

Index cor. — 2' 10" Ind. cor. — 1' 10" Ind. cor. — 50" 


20® 15' 16" 


25® 39' 10" 


09’ 20' 40" 


The height of the eye above the sea was 20 feet 
f^hip time, Feb. 12 . 

Longitude E. in time 


required the longitude. 
. 2h. 3Gm. 

. III. 3m. 


Approximate Greenwich time ^ . Ih. 33ni. 

Referring now to thr^ Nautical Almanac, we take cut tlic two si*mi-(liaiuctoTs for 
noon of Feb, 12 : the approximate Greenwich time ditfers too little from noon to 
render any correction necessary; the sun’s declination and the moon’s horizontal 
parallax are taken out at the same time : we thus have 


Sun’s semi-diam. . . 

Moon’s at noon 15' 5?^' 

Hor.par. noon 58' 36" var, in 12h., — 13" 
Var. in l^h. — r'‘6 


F}'om the I^autica^ Almanar. 

16' 13" 1 Sun’s dec. noon . . . 13® 52' 18" S. 

Cor. for 111 . 33m. . . — 1' 17" 


Hor. par. at 
eat. time . 58' 34'' 


Dec. at estimated time . 13® 51' 1" S. 

90® 


Polar dist. PS =76’ 8' 59' 


Hourly diff. of sun’s dec 
30m. \ i \ 

■ A K. . . 


*3 


- 49"'87 
24-94 
2-49 


- 77*3 
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For the Apparent <md Tfue Altitudes, 


Sun’s altitude. 

Obs. alt.L.L. . . . 29"15^ia’ 

Dip — 4’ 24"! 

Semi. + 16' 13' 


. ■ -V 11' 49" 


App. alt. . 
Hef. and par. 


29“"2r 5”(a) 
— 1’ 35" 


True alt 29'’ 25' 30"(A) 

90 ’ 


Coalt ZS = GO" 34' 30" 


Moon’s altitude. 

Obs. alt. L.L. ... 25^ 10*' 

Dip — 4'^4" ) 


App. alt 25'’ 60' 61"(a') 

Par. and ref. ... +60' 44" 

Tnio alt 2G" 41' 35"(A') 

• As it is proposed to deduce the time 
from tho ^un, the coaltitude of tho moon 
is not wanted. ' 


For the Time at the Ship, 

To compute the time, we have the co-altitude ZS =: 60’ 34' 30", the co-latitude 
PZ = 36’ 30', and the co-decliuation, or polar distance, PS = 76’ 8' 69" ; therefore, 
jiage 135, the work is as follows : — 


ZS, 

60’ 34' 30" 


sin PZ, 

36’ 30' 0" 

Arith. Comp. *2256124 

sin PS, 

70’ 0' 0"^ 

Anth. Comp. *0128140 


2)173-' IS* 30" 


sin s, 

86’ 36' 45" . 

9*9992405 

sin ( s — ZS), 

20’ 2' 1-5" . 

9*6424232 



2)19-8800901 

eos i P, 

29* 25' 7" 

o 

9*9100450 

P 

= 58’ 50' U" 

Ihpia. of time F eb. 12, 14m. 33s. + 


2 

,, „ 13, 14 32 

3)11,6’ 10/r 2,8" 

.*. correction .... 0 


3 52 

» 


3 20 0 


App. time at ship 

3h. 55irK 21s. 

.*. Mean time 4h. 9m. 54s. 

Ei^uation of time 

11m. 33s. 


Mean time at ship 

4h. Om. 51s, 


From this result it appears that the ship’s account must be very considerably 


error. It may be advisable therefore, as recommended at page 1 36, to repeat tho fore- 
going operation with tho corrected time hero dete^iined. IVhether or not this repeti- 
tion bc‘ ubRofiitcly necessary, wo shall be able (o ascertain after finding the meantime 
at Greenwich, as follows : — 
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For the time at Greenwich. 


•Moon’s semi. 


99® 26’ 

40" N 

. d, 99® 

5r 



16' 

13" 

fl, 29® 27' 

6" 

. . comp, cos 

•0600950 

36' 

6" 

, 26® 60' 

61" 

h . comp, cos 

•0467779 

99’ 58' 

68" 

2)165“ 16' 

64" 





J sum, 77® 38' 

27" 

. . . cos 

9*3304933 


5 sum V) df 22® 20' 

31" 

. . . cos 

9-9661096 



A, 29® 25' 

30" 

. . . cos 

9-9400179 



A', 26® 41' 

35" 

. . . cos 

9-9510585 

• 

A + A', 56’ 7' 

5" 





* 



)39-2935522 






19-6407761 


1 (A + A'), 28® 3' 

32"A 

— cos 

9 -9456967-1- 



0, 30’ 9' 

40" 

. . . sin 

9-7010794 



«, . . 

• 

. cos 

9 9368233-1- 



1D= 49’ 43' 

43" 

. . , sin 

0-882521K) 



•, n = 29’ 27' 

26" 

the true distance 


Distance at noon, 98® 38' 

0" 

Prop. log. diff. 

•2725 — 



49' 

20" 

Prop. log. „ 

•5612 


Mean time after noon at Greenwich Ih. 32m. 35s. Prop. log. „ 
Mean tim(3 at ship . . . . 4h. 9m. 548. 


Longitude E. in time 


. 2h. 37m. 19s. 



30® 




9® 

15' 


= 


j ' 

45" 

1 

39® 

19' 

45" 


It appears from this result that although the ship’s longitude by the dead rcchouing 
is nearly 24® jn error, yet the ( nor in the estimated time happens to be such that the 
supposed time at Greenwich, namely Ih. 33m., ib so nearly equal to the correct time 
there, that the operation for the- lime at the ship need not be repeated with the cor- 
rected data : we may safely conclude from what is done above that the mean time at 
tlie ship at the instant of observation is 4h. 9m. 54s. p.m., and that the longitude is 
39® 19' 45'' east. Such a large error as the above, as well in the estimated time ns 
in the longitude, couid^aiisc onlj^ from a long continuance of foul weather, which, 
preventing observations of the heavenly bodies, left the ship entirely dependent upon 
the dead reckoning. And without taking into consideration the effect of unknown 
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currents, leeway, &c. ; Cven the deviation of the compoBS alone from the magnetic action 
of the veasel, might in a few week^ead a^ship aatray to the above extent.* 

Under the circumstances hero Wag ined, it would bo better to take the Gn^enwich 
time at once from the chronometer, if this can at all bo depended on, as already recom- 
mended at page 140 ; for the lohgitudo and tigio by account arc employed only as sub-* 
sidiary to finding an approximation to the time at Greenwich when the observations 
arc made. If the Greenwich time, as determined from the lunar distance, differ con- 
siderably from the chronometer time, the operation for the time at the ship should he 
repeated with the more correct Greenwich time thus obtained, and Ibenco the longi- 
tude accurately d(jduced. 

2. On June 2, 1849, at lOh. 17m. pm., mean time by estimation, in latitude 
oO' 51' X., and longitude by account 4 U W., th» following observationS^weBc taken ; 

Ilegulua W, of meridian • • 

Observed altitude Obs. alt. moon’s L.L. Ob'*, diat. nearest limb 

20^ 21' 40" 3U ir 0" 72’ 3G' 30" 

Indc.K — 3* 50" Index — 4' 10" Index — 9' 10" 


72" 27' 20" 


20“ ir 50" 31" 6' 50" 

The height of the eye was 20 feet : required the longitude 

Ship time June 2 , . . 1 Oh. 17m. 

Longitude W. in tim*'' ... 2h. 44ni. * 

!) * — 

Approximate Greenwich time 13h. Im. 

lU'forring now to the Nautical Almanac, we take out the moon’s semidiameter and 
horizontal parallax for midnight of June 2, the right ascension of the mean sun at 
noon, and the right ascension and declination of the star. 


Trom the Nautical Almana 


Mtion’s semi-diam. midnight 14' 49" 
Horizontal jmrallax . 54' 23" 

Star's li.A. lOh.Om. 208. 

Dccl. . . . 12’ 42' 4"N. 


Sun’s R. A. noou . 
Cor. for 13h. 

Sun’s R.A. at 13h. 


4h. 43m. 213. 
-T- 2m. 8s. 


iii. 45 m. 293. 


* In iron ships, \ ropolled by stcairi, the local attraction is subject to groat and rreviuont change's, 
and the compass is so powerfully acted upon by this ductuatmg influence— the etfect of which is often 
unsuspected— that the most fearful c insequenoes sometimes result, — the true course of the vessel, 


being, from this cause, widely dilferent from that indicated. At the conclusion of the present Tart, 
w e fehiiU give a brief abstract of Dr, Scoresby's researches and suggestions in reference to this i 

very important subject. If science fail to apply a remedy to counlemct the ever-changing 
influence of iron steamers on the compass, this useful inatrumcul had almost as well be 
ubandoned in such ships. The mere heeling of the vessel will greatly affect the local deviation, 
and the i ontlnual strain and vibration which a vessel under steam is subjected, so influences 
its magnetic condition as to render the compass a dangerous guide. The ship TaUour, which 
was wrecked in the Irish Channel in Januray 1854, was led out of her proper course by these 
unsuspected influences. The captain relied upon his helm compass, and 290 persons perished. The 
original deviation in this iron steamer was so great as 60%avnd this was subjected to changes that 
might amount ^o as much as between 40 and 50 degrees, wit is easy to* oaaoflve that, in the open 
ocean, a ship, misguided in this w^y, and precluded from adjusting her position by astronomical 
observations, through a long contUwance of bad weather, might err even to the extent supposed in 
the above example. 
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For the Apparent and True Altitudes, 

Star’s Altitude. 0 Moon’s Altitude. 

Obs.iat . . . 20M7'50" Obs.alt. . . SI** 6' 60" 

' Dip . . , . —4' 24" Dip 4’ 24" > +10' 32" 

‘ Semi. ) 14' fi6"> 

App. alt. . . . 20” 13' 26" («) +7Aug.J 31“ 17' 22"(»')App. 

Ref- • • • . — 2' 37" Tar. and Eef. . + 44' 64" [alt. 

True alt. . . . 20“ 10' 49" (A) 82° 2' 16"(A')Trne 

90“ [alt 

Co. altZS=- • • 69“ 49' 11 ", 

For the Time at the Ship. 

To compute the time, wo hare the star’s co-altitude ZS = 69'’ 49' 11", its polar 
distance, or co-declination PS = 77’ 17' 56", and the co-latitude PZ zr 39® 10’, to find 
the star’s hour angle P, which, since the star is west of the meridian, if added to the 
star’s right ascension will be the right ascension of the meridian ; and since the time is 
p.m., this right ascension diminished by that of the mean sim will bo the mean time 
• at the ship (see page 137). 

' ZS, 69® 49’ 11" 


sin PS, 

77® 

17’ 

56" 

Arith. Comp. 

•0107592 

sin PZ, 

39® 

10' 

0" 

Arith.Comp. 

•1996728 

2)186“ 

17' 

7" 



sin s, 

93® 

8' 

33" 

• • • 

9-9993464 

sin (s — ZS), 

23’ 

19’ 

22" 

. 

9-5975072 






2)19-8072756 

cos i P, 

36® 

46’ 

24" 

. 

9-9036378 


2 


r= 73’ 

32' 

48" 

2 

3)M,C 

6,4 

9,6 

4 

52 



2 

8 



3 


"Star’s limir angle in time 4h. 64m. 1 Is. 
Star’s right ascension . 10b. Om. 20s. 


It.A. ofm&idim . . 14 54 31 
BA. aun . ^ 4 45 29 


Mean thno at ship . 


. 10 


9 2 ^ 
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For the Time at Greenwich, 

In computing the true lunar di^tancevin this example, we ahaJl adopt the recom- 
mendation at the bottom of page 103, and so modify the observed, or rather the 
apparent altitudes, that the* seconds in each altitude may be a multiple of 10 : ‘what- 
ever be added or subtracted in this way must^of course be in like manner applied to 
the true altitudes. We shall also introduce a similar modification into the apparent 
distance, and apply the necessary correction to ‘the true distance ; the object of these 
changes is to reduce the work of computing for odd seconds. 


Ohs. dist. 72® 

27' 20" \ d, 72“ 42’ 

20" 



Moon's semi. 

14' 66" ay 20® 13' 

20" . 

. comp. COB 

•0276310 

d = 72® 

■ a\ 31® 17' 

42' 16" ^ 

20" . 

. comp, cq^ 

•0682577 

• 

— 

. — ^ 2)124° 13' 

0"* 




i sum, 62® 6' 

30" . 

. . . cos 

9-6700614 


h sum CO d, 10® 35' 

50" . 

. . . cos 

9-992S289 


A, 20® 10' 

43" . 

. . . cos 

9-9724907 


A', 32" 2' 

U" . 

. . . cos 

9-9282440 


A + A', 52® 12' 

67" . 

. . . . 2)39*6692137 





19-8296068 -• 


h (A + A'), 26® 6' 

28" . 

. . — cos 

9-9532608+ 


Oy 48® 47' 

0" . 

. . . siu 

9-8768460 


Oy cos 9-8188260-1- 

i D = 36'’ 16' 3r .... Bin 97720858 


subtractin;!; the 4" added to D = Tf”* 33* 4" the true distance. 

Distant 0 at 12b 72 ’ 19' 35'* . , Prop. log. diff. *3017 — 


Difference . . , 

.... 13' 29" . 

. Prop. log. 

. M255 

Moan time after 12h. at Greenwich Oh. 27m, Os. . 

. Prop. log. 

. *8238 

Greenwich moan time 

. . . . 12h. 27m. Os. 



Ship mean time . . 

. . . . lOh. 9m. 2s. 



Longitude W. in time 

. . . . 2h. 17m. 58s. 




2h. = 30'’ 

17m. = 4® 15' 

68s. = 14' 30" 




Longitude W. 34® 29' 30" 




In each of the foregoing examples the mean time at the ship is obtained from an 
altitude of J,hc sun or a f-tar , and as remarked alpage 161,*it is matter of ind^erence 
when such is tlie case whether the time at the ship or the time at Greenwich is deter- 
mined first ; but as the moon’s right ascension and declination change ver^ rapidly 
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comparatively to the sun’s in a given interval, if tho estimated time at ship bo much 
in error it is plain that tho elements just referred to, computed to this estimated time, 
may diifer so much from the truth as to vei*}^ seiysibly affect tho accuracy of the ship’s 
time, and thence of tho longitude. We would therefore recommend when, in consc- 
(faenco of the other object, the sun or a star^, being too noth.’ tlie meridian for the purpose 
of finding from it tho time, tho moon’s altitude must bo employed, tliat the time at 
Greenwich ho found before that at the ship is computed, as in the following ex- 
ample : — 

3. On May 22, 1844, at llh. 15m. a.m. mean time nearly, in latitude 50”* 48' N., 
and longitude by account 1° W., the follo^vniig lunar observation was taken when the 
moon was E. of the meridian : — 

Ohs. altj sail s L.L. 

57^ 63' 0” 

Index cor. 35” 


Obs. alt. moon’s L.L, 
r 22" 53' 2" 

Index cor. — 20" 


Obs. distance N.L. 
56’ 26' G" 
Index cor. — 35" 


57" 53' 35" 


22° 52' 42” 

Tho height of the eye -was 24 feet : required the longitude : — 
Ship time, May 21 . , . 23h. 15m. 

Longitude W. in time . . 4m. 

Approximate Greenwich time . 23h. 19m. 


5G’ 25' 31" 


From the Nautical Almanac. 

Moon’s semi-diani., 21st, midnight . .15' 1" 3 . 

22nd, noon . .15' 5" *7 . 


Ilor. par. 5'!' 7" 6 
. . . . 55' 23"-7 


, 4"'4 ir/'l 

Correction for 41ni, before noon of 22nd . *25 -9 

Semi-diani. at 23h. 19m. May 21, 15' 5''‘4 . . . Her. par. 55' 22’'-8 
Sun’s semi-diameter at noon. May 22, 15' 49" 

For the Apparent and Ti nc Altitudes. 


Sun’s altitude. 

Obs. alt. L.L. . . . 57^ 53 35" 
Dip . . - 4'49"1 , 

Semi . 15' 49” ) 

App. alt 58’ 4' 35” (a) 

Kef. and par. ... — 


True alt. 


68" 3' 59" (A) 


As it is proposed to deduce the time 
from the moon, tho co-dltitude ofVhe 
sun is not wanted. 


Moon’s altitude. 

Obs. alt. L.L . . . 

Dip . — 4' 49" j 
Semi +15' 11" i 
Aug. +5" 5 ' 

App. alt 

Par. and ref. . . . 


Co-altitude 


, 22’ 

52' 42" 


1 

10' 22" 


23’ 

3' 4" 

(«') 

+ 

48' 38" 


23’ 

51' 42" 

(A') 

90° 



66° 

8' 18" : 

= ZM 
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For the Time at Greenwich. 

% 


Obs. dist. 66® 

25' 31" > 

, 50“ 50' 31" 



]\loon’s semi. 

16' 11"^ 

<7, 68® 4' 36" . . 

. comp, cos 

•2767183, 

Sun’s semi. 

15' 49" 1 

a\ 23® V 4" . . 

. comp, cos 

•0361386 

if =66® 

50’ 31" 

1 2)133“ 4' 10" 





J sum, 69“ 2' 6" . . 

. . . cos 

9-5536429 


5 sum cT) dy 12® 5' 34" . . 

. . . cos 

9-9902543 



A, 68® 3' 59" . . 

. . . cos 

9-7234034 



A', 23® 61'»42" . . 

. . . tos 

,9-9611055 


* 1A. + A', 81“ 55' 41" * 

2)39-5413530 





19-7700765 


J (A 4- A'), 40“ 67’ 60"i . . 

. . — COS 

0-878')168+ 

• 


e, 51“ 21' 13" . . 

. . . sin 

9;8926597 





. . . cos 

97955409-i-^ 



i D = ^8 8' 13"J . . 

. . . sin 

9-6735577 


D = 56” 16' 27" the true distance. 

Distance at 21h. 55” 15' 36", . . Prop. log. diff. . *3221 — 


DifFerenco . 1® 0' 51" *4710 

Mean time after 2lh. at Greenwich, 2h. 7m. 4r)S. . , . -1489 


/. Greenwich mean time .... 23h, 7m. 45s. 

Having thus determined the time at Greenwich when tho lunar distant e was taken, 
we can compute the right ascension and declination of the moon to greater pirtision 
than the time by account could be expt*cted to give. It so happens that in tiiis par- 
ticular example the lime by account is very nearly the same as that deduced from tho 
observation^ ; but yet there would bo a sensible difference in the rt-'ulting longitude, 
if the eomjiutation of the ship time had preegded that for the Greenwich time. 

It i.s only in reference to the moon that much accuracy in the time and longitude 
by account is of any consequence. 

For the Mean Time at the Ship. 

Moon's U-A. j Moon's declination. 

23h. . . 7h. 65m, 24s. I 23h. . . 17*5' 12"K 

7m. 468. . 16s. 7m. 45s. . — 1' 2" 

E A. = 7h, onm. 408. i 


E3un s it.A. 

21st . . 3h. 66m. 53s.‘8 

23h. . . -f 3m. 46s. 
7m. 45s. Is. *3 


E.A. = 4h. Om. 418. 


Dec. = 17® 4' 10" N. 
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— — . - - 

The data for computing the moon^s hour-angle with the mciidian are therefore as 
follows, namely, 

ZM = 66^ 8' 18", PZ = 39“ iV/ PM = 72'’ 55' 50" 

ZM, 66“ 8' 18" 

‘ PZ, 39“ 12', 0" comp. sin‘ ‘isoaeas 

PM, 72“ .55' 50" comp, sin *0195650 

. 2)178“ 16' 8" 

8, 89“ 8' 4" . . . sin 9-9999503 
s — ZM, 22“ 59' 46" ... sin 9-691808C 

., > • 2)19-8105867 

. I I*, 36" 28' 46“ . . . COB **90^2933 


P 1 = 72“ 57' 32" the moon’s hour angle 



o 

3)14^5“ 5 5' ,4' 

4 

« 

4h. 50m. 

Im. 503. (see page 97) 

Moon’s hour-angle in time 
Moon’s E.A. 

4h. 51m. 509. cast of the meridian 

7h. 55m. 40s. 

R.A. of meridian 
Sun’s P.A. 

3h. 3m. 50s. 

4h. Om. 41s. 

Sun’s hour-angle with meridian 

Oh. 56m. 518. before noon of the 22n(l 
24h. 

Mean time at ship 
Mean time at Greenwich 

23h. 3m. 9s. May 2l6t 

23h. 7m. 45s. 

Longitude W,, in time 

Oh. 4ra. 368. Longitude W. 1“ 9'. 


Although the Greenwich time by account, differs by only a few minutes from the 
Greenwich time as determined by the tbaeiTation, yet the longitude would have 
differed by more than 4' from the result hero arrived at, if the ship time had been 
• determined before the Greenwich time. It thus appears, that it is in all cases more 
prudent to compute the time at Greenwich before that at the ship, when the latter is 
to be deduced from the moon. 

Examples for Exercise, 

1, On Maiuh 25, 1847, at 3h. 30m. p.m., mean time nearly, in latitude 52“ N., 
and longitude hy account 33® W., thejollowing lunar observation was taken : — 

Ohs. alt. sun's L.L. * Obs. all. moon’s L.L. Obs. dist. nearest limbs 

, 23“ 10' 20" 23“ 50' 10" 112“ 5G' 30" 

Index cor. — 6' 10" Index cor. -f- 5' 0" Index cor. — 4' 20" 
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The height of the eye was 20 feet^ and the following particnlais were furnished by 
the Nautical Almanac, namely, 

Sun’s dec. !E(][ua. of time Moon’s semi. Hor. par. Sun’s semi. 

Mar. 25, r 40' 56" N. Qm. 133*8 oMit, noon 26th, U' 60" noon 54' 59" 16' 3" 
26,2’ 4'29"N. 5m.*658*2 :ijiidnight H' 55" mid. 54' 44" • 

Also distance at 3h., Ill® 33' 34"; at 6h., 112® 67' 16". 

Bequired the longitude of the ship. Ans. 32® 59'i W. 

2. On January 9, 1851, at 7h. 60m. p.m., mean time nearly, in latitude 49® 40' N., 
and longitude by account 10® E., the following lunar observation was taken : — 

Obs. alt of Pollux E. of mcrid. Obs. alt moon’s L.L. Obs. diet, farthest limb 
37® 10' 10" Sr^O' 10" il03J 20' 0" 

Index cor. — 1' 10" ^ Index cor. + 1' 20"^ Index ©or. + 1' 30" 

The height of the eye was 18 fv*ot, and the following particulars were sup^eS hy the 
Nautical Almanac, namely. 

Bight asccn. mean sun Moon's semi. Hor. par. 

Jau. 9, 19h. 13m. 428*27 noon 14' 55"*8 64' 47"*2 

^ mid. 15' 0"'2 55' 3;'*6 

The star’.s B.A, was 7h. 36m. 128., and its dec. 28® 22' 46" S. Also, the distance at 
6h. was 103’ 8' 4", and at 9h. 101® 37' 51". Bequired the longitude of the ship. • 

Ans. 10° 19' 15" E.* * 

% 

Th(* examples now given will, wo think, suffioiently illustrate the practical oper- 
ations for determining the longitude at sea by a lunar observation. In the Nautical 
Almanac, the lunar distances arc given for the planets Mars, Venus, Jupiter, and 
' Saturn, as well as for the fixed star.s near the moon’s path. Tho caloulations for the 
I tnif distance are, of course, the same for a planet as for a fixed star ; and, in deducing 
the time at ship from the planet, we must proceed exactly as in deducing the time 
from the moon ; that is to say, we must find the planet’s hour-angle, and thence, by 
means of its right ascension, taken from tho Nautical Almanac, we must find the 
right ascension of tho meridian : the difference between this an^ the right ascension of 
the mean sun will — as in last example — be tho sun’s hour-angle with the meridian of 
the place, that is to say, the time at the ship. 

If either 4)f the celestial objects o^bservod be near the horizon, where the nffracti<m 
is subject to considorablo irregularities, the mean rcfractiaB, which is that generally 
employed, should be modified according iothe state of the atmo^here, as shown by 
the barometer and thenaometer a table for properly correcting mean refiraction 
is to bo found in e'very collection of nautical tables. A neglect of this correction* 
when one of the objects observed is not more than 8 or 9 degrees above the horizon* 
may occasion an error of 1' in the lunar distance, and this error may be sufficient to 
introduce ono of upwards of 30' in the longitude. 

Xiongitude from OccultatioBS and Helii^eB of Mupitmt^u 

What has now been delivered ootnprehends all the essentials for finding the latitude 
and longitude at sea. Other celestial ^phenomena hesridos ^hose here dwelt upon, may 

♦ For more examples sec Mr. Jeans's Navigation .md Nautical Astronomy, whence thoAbovo have 
been taken. 
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be occasionally made available for determining the longitude, as, for instance, an eclipse, 
or an oocultation of a fixed star or planet by the moon. Eclipses are of too infrequent 
occurrence to be of much service to the navigafor^* but the passage of the moon over^ 
the stars and planets In her path is continually occurring, and this occultation of the 
objr.'ct by the moon would furnisli a very c(^nvenicnt means of finding the Greenwich 
time, and thcnco the longitude, if the motion of the shij) did not in general preclude 
the possibility of keeping the telescope steadily directed to the moon’s edge. 

It is plain that at the instant of the occultation, that is, at the instant of the 
disappearance of the star or idanct by the interposition of tho moon — called the 
immersion — the apparent right ascension of the moon’s occulting limb must ho the 
same as the right ascension of the occulted star. By removing the effect of parallax, 
the moon’s tiue right ascension at the iijstant of the star’s immersion may thcrcft>rc 
be found, and the Greenwich time corresponding to this right ascension may thence 
be deducyid. 

The eclipses of Jupiter’s satellites answer a similar purpose, since the entrance of 
a satellite into the shadow of the planet is a phenomenon which takes jdace at the 
same absolute instant, wherever on the surface of the earth the immersion be observed, 
and so likewise does the re-appearance of the satellite, or its emersion. 

The Greenwich time, when these immersions and emersions are predicted fr> 
happen, are given in the Nautical Almanac ; so that if the ship time, when any such 
phenomenon occurs be known, the longitude may he at once obtained. 

But here again, as in tho case of occultations of tlie stars by the moon, tho frequent 
impracticability of keeping a telescope sufficiently steady for the accurate observation of 
the phenomena at sea, renders this short ai>d otherwise convenient method of finding 
the longitude of but very limited application. In a calm sea, or in harbour, a teles- 
cope of sufficient magnifying power may, of course, he used without inconvenience. 
Of the four satellites, the Jirst, or that which is at the least distance from the planet, 
is the best adapted for the purpose of detenniiiing the longitude, on account of its 
more rapid motion; it revolves round Jujjiterf and is eclipsed by tho shadow of the 
planet once in every forty-two hours : and the instants of immersion and emersion arc; 
capable in general of being much more accurattdy noted tha/a the instants of contact 
of the earth’s shadow with the moon’s limb, ^ 

The Quadrant and Sentant. — These two instruments are tho same in prin- 
ciple, — ^both are equally employed to measure angular distances ; hut as tho distance 
between a celestial object and the horizon, fo^' the purj^oso of determining the latitude 
at sea, is a measurement more frequently made than any other, the former of the two 
above-mentioned instruments — the quadrant — is constructed with exclusive roferenco 
to this purpose, and, being less elaborate in its fittings and w ’rkmanship, is by far the 
cheaper instrument of the two. 

The arc of the sea quadrant is the eighth part of an entire circumference, or 45'^. 
This arc is therefore, strictly speaking, not a quadrant l)iit an oeianf ; but as it is 
capable of measuring all altitudes from the horizon to tho zenith,— as will presently bo 
explained, — ^a greater extent of arc is unnecessary. 

The sextant is a more delicate instrument. Its arc is the sixth part of an entire 
circumference, or 60®, and i'l is capable of measuring angular distances up to 120®. 
The arc of the more common quadrants is divided— and that by means of an auxiliary 
scale attached to the index-limb — into minutes only : those of a superior kind are thus 
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divided into half minutes ; but the of a sextant is frequently Buh-divided— by aid 
of the Vernier scale just alluded to, and hereafter explained— to every 

Artists generally extend the arc a quadrant to a few degrees beyond 45”, and 
the arc of a sextant to a few degrees beyond 60”. With either of - - 

these instruments an altitude may be taken ; but usually with ' 
more precision with the sextant than vath the quadrant, on 
account of the more minute subdivisions of the arc. The manner 
of holding tho instrument in taking an altitude is figured in the 
margin. 

The sextant, however, is almost exclusively used for taking 
a lunar distance. All the essential parts of tliis valuable instru- 
ment are represented in the accompanying figure. II is the , 
handle by which the s .‘xtant is held while taxing the angular distance ;'*DE is a small 
* * telescope fixed to th<i frame of 

the instrument, and di reeled 

^ or mirror, C. This reflector 

immoveable; the other 

moveable 

radius, or moveable limb, lif, 
^ extremity of whicfi is 

* angle measured on the 

that is, to the plane in which 

flector C is called the horizon 
glass ; the upper half of it 

is transparent and unsilvered, and it is through this part that the horizon is viewed in 
taking an altitude ; the lower half only, strictly speaking, is a re- ffnHl 
flector, being tho only pait coated with quicksilver. The moveable |j|||||j p 
reflector B is called the index glass ; it tui’^s with the radius, or limb *||i|||M 
carr\ ing the index, round the centre of the graduated limb. 

Suppose this radius to be turned into such a jTosition that the planes 
of the two reflectors B, C may be exactly parallel to one another : in this position of the 
index-limb, the point on tho graduated arc shown by the index is to he marked 0. It is 
the perfection of tho instrument that, when the index points to 0, the two reflectors should 
be accurately parallel to cn(; another. And hero we pause for a moment to explain the 
cause of what tho learner may have hitherto considered as the result of indifferent 

* Subdivision B of les« extent than tbie must be c^fim;Ucd by eye. A skillful observer can 
n<»uully make tbia estimate withir. t^^o or three seconds of the truth. .Such an error, in the measurc- 
uttmt of u lunar distance, would nut occasion an error of inoic than about a mileintly^ resultint? 
longitude, ^See page 15H ) 
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woiknianslup in thd ioatniments employed in tiia preceding problems of Nautical 
Astronomy : — we have repeatedly spoken of the indess errot% or the srror of the 
instrumetit* < 

These terms do not imply faulty workmanslup ; all instruments whatever^the 
most elaborately*hnished speoimens in the most richly -finished observatories— have, 
without exception, their instrumental errors^ which are very different things, however, 
from errors of workmanship. 

In the mathematioal volume of the Circle ov the Sciences (Commentary on 
Euclid) the reader has been frequently reminded that it is beyond the reach of art to 
draw a lina^of a prescribed length accurately^ to raise a perpendicular, or to draw a 
pair of Hoes that shall be accurately parallel. The perfect pei’peudicularity and 
parallelism, thorqforo, of the reflectors C are tilings that cannot be practically 
brought about ; some minute departure from strict geometrical precision always exists, 
and heimc w’hat is called “ the inlicx error.” How this index ‘ciTor may be discovered 
and allowed for, will bo seen presently ; it is always furnished to the purchaser by the 
maker of the instrument. 

In referencr- to this subject, it may not be uninofitable to the learner to add to the 
present digression the following observations of Sir John Ilerschcl : 

“Astronomical instrument making may be justly regarded as the moat refined of the 
mechanical arts, and that in which the nearest approach to geometrical precisi«)n is 
inquired, and has been attained. 

“ It may be thought an easy thing, liy one unac-quainted with the niceties required, 
to turn a circle in metal, to divide its circumferenco into 360 equal parts, and these 
again into smaller subdivisiony, — to place it accurately on its centre, and to adjust it 
in a given position ; but, practically, it is found to be one of the most diflicult. Nor 
will this appear extraordinary when it is considered that, owing to the application of 
telescopes to the purposes of angular mcasuicmont, every imperfl'Ction vf smu turo or 
division becomes magnified by the -whole optical power of that iiistnimcnt, and that 
thus not only direct errors of workmansliip,, arising from unsteadiness of hand or 
imperfection of tools, but lliosc inaccuracies ivhich originate in far more uneojiti'ollable 
causes, such as the unequal expansion end contraction of motnUio maaset, by a t hango 
of temperature, and their unavoidable flexure or bonding by their own Aveight, become 
perceptible and measurable. 

“An angle of one minute occniuc=', on the circumference of a circle of ton inches iu 
radius, only about ^toth part of an inch, — a quantity too small to bo ccrlnihly dealt 
with without the use of magnifying glasses ; yet one minute is a gross quantity in the 
astronomh^ measurement of an angle. *'Wnh the instruments now employed in 
observatories, a single second, or tlic <‘0th jiart of a minute, is rendered a distinctly 
Visible and appreciable quantity. ?>ow the arc of a circle, pubt, ended by- one sc/ ond, 
is less than the 200,000th imrt oi the radius , so that on a circle of six feet in diamotor 
it would occupy no greater linear extent than of an inch, — a quantity 

requiring a powerful microscope t > Ik* diytri-ued at all. 

“Let any one figure to himself, therefore, the difiieiilty of placing on the circum- 
ference of a metallic circle of such dimensions (supposing the dilhcuUy of its con- 
struction surmounted), 360 mark?, dn^^, fir f divisions, Avhich sliall be true to 

their places within such miiute limits, ti. s ;i v notbing of the subdivision of the degrees 
BO marked off into minutes, and of these again into seconds. Such a work has probably 
baffled, and -will probably for ever continue to bulTlc the utmost stretch of human 
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skill and industiy ; nor, if excouted^ould it endure. The ever fbotnatioBS of 

beat and oold Have, a teadoncy to produce not merdy temporary transient, Init 
permanent, imcoBspeasated changes of form in fdl considerable masses of those 
irbich alone- are applicable to such iftes ; and tbeir own ireight, howoTer sfinnustrioally 
formed, must always be unequally sustained, since it is impossible to apply Ih© s^s- 
taining power to ewry jmrt separately ; evtn could this be done, at all events force 
must be used to move and to fix them, which can never be done without producing tem- 
porary, and risking permanent, change of form. It is true, by dividing them on tbeir 
centres, and in the identical places they are destined to occupy, and by a thousand 
ingenious and delicate oontrivances, wonders have been accomplished in this depart- 
ment of art, and a degree of perfection has been given, not merely to chefs d^ocmrcy 
but to instruments of moderate prices and dimensions, and in ordinary use, which, on 
due consideration, must appear very surprisftig. But though we are t%titled to look 
for wonders at the hands of scientific artists, wc ifre not to expect miracles. Tho 
demands of the astronomer will always surpass the power of the artist; and it must [ 
therefore, be constantly the aim of the former to make him.solf, os far as possible, inde- 
pendent of the imperfections incident to cverj’ work the latter can place in his hands. 
Ho must, therefore, endeavour so to combine liis observations, so to choose his oppor- 
tunities, and so to familiarize himself with all the causes which may produce instru- 
mental derangement, and with all the peculiarities of structure and material of each 
instrument he possesses, as not to allow himself to be misled by their errois, but tv 
extract from theii' indications, as far as f>ossible, all that is trttCy and reject all thaf is 
erroneous. It is in this that l)xe art% of the practical astronomer consists, — ^aix art of 
itself of a curious and intricate nature, and of which we can here only notice some 
of the leading and general features.” (See Ilerschel’s Astronomy, Lardner’s Cyclo- 
ptedia.) 

Returning now to the sextant : — ^To understand the way in wliich an angular 
distance is measured by this instrument, wc must first assent to the following simple 
optical principle, namedy, when a ray of light from a luminous body falls upon a reflect- 
ing surface, and is thence received by tiic eye, the utcUhnt ray — or that direct from the 
object to the reflector — makes, with the pcrpcndiculax to the surface of the reflector, 
drawn from the point where it impinges on it, an angle Cijual to the angle made with 
the same perpendicular and ilu* reflected ray, or that received by the eye. This pro- 
perty is brii’fly expressed thus: — the angle of incidence is equal to the angle of 
reflection. is the same with un elastic sphere striking a smooth bard surface, as, 
for ir -tarn'c, a common innrblc shot against a smooth wall ; if the marble be shot per- 
pendicularly, it will rebound along the sarawpath, and return to the hand, the angle 
of iiK i<lencc and tho angle of reflection being nothing ; but if the marble be projected 
obliquely, it will rebound on the other side of the pexpcndicular, and the oblique* 
invfldent path and tho oblique reflected path will make equal angles with that pcri)en- 
dicuinr. 

This principle being admitted, conceive the limb F to be moved so that the 
attached index points to zero on the gr.aduatcd arc (the point A on tlie right in the 
foregoing figure). In this position of the index and of the reflector B, if tlio eye at R 
looks through the uxqjcr or uu'jilvcred part of the horizon glass at C, and perceives a 
celestial o^ect, such as a star, it will at the saiA' time ah% jjerceivo the image of that 
star reflected from the silvered p.art of C. For as the reflectors are, by hypotliesis, 
parallol, and tho star so distant that two . ' y } from it falling, the one on the glass B 
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and the other on C, must differ only insensibly fLom parallelism, it follows that the 
ray from the star, reflected at B and thence proceeding to C, from which it is again 
reflected at E, must proceed to the eye E in the same direction as the direct ray from 
the star through the unsilvored part of C. But* this will he better illustrated by a 
distinct diagram. ^ • 

Let ddbe the position of the index ^lass when the index points to zero, which in 

the diagram is marked by the letter e. By hypo- 
thesis the surface of the half-silvered glass C is 
pai’allel to that of drf. An object, B, so remote as 
one of the heavenly bodies, would bo equally P('t‘n 
to an eye at E in the direction of E D, parallel to 
BK, as to an eye at B, in the direction B R. If 
the dotted lino B N be perpendicular to rfef, R B X 
will be the angle of int idence, and CBN the angle 
of reflection : the reflected ray B C is now incident 
on C, — a surface parallel to dd ; therefore the 
reflected ray C D must be parallel to K B, so that 
an eye at E will see the object directly tln'ough 
the transparent part of C, and the imag(‘ of it, 
after two reflections, in the same direction : or 
ratlicr the object and its image would become con- 
founded and superposed. Suppose now, while the eye is still l(>oking at tlie objrot R 
through the telescope ED, the index-limb be moved from c to e' ; the reflector /'ff/ 
turning round with this limb will take the new position d’ d\ and the image of R will 
disappear, and that of some other object S, in reference to a ray from W'hich, B C will 
still bo the reflection, will take its place. 

Ill this way two luminous points, R, S, as, for instance, two stars, or a star and an 
edge of the moon, or the edges of the sun and moon, may be brought together ; oiu* of 
the two, 11, being seen by direct vision, the other, S, after two reflections at the 
mirrors. 

The movement of the index from e to e\ necessary to bring tbc two obj<'cts ]{, S 
into contact, moves the refloetor dd into the position d' d\ and the perpendicular BN 
into the position BN'. Now BN, by the abovc-ment^'oned optical principle, bi^cota 
the angle RBC, and BN', in like manner, bisects the angle SBC. Hence 

NBN' = i (SBC — RBC) ■= i SBR 

And since the angles NBN', rJle', measyred l)y tbc arc ce, are obviously equal, it 
follow’b that the arc ee' measures half the angle SBR, formed by the two incident r:n s 
c SB, RB, that is to say, it measures half the angular distance of the two objects S, R. 

If, therefore, the arc AA, supposed to be 60% bo divided into twice that number, 
that is, 120 equal parts, then, by considering each part as a whole degree, the index at 
fi' will show the number of degrees in the angular distance of S and R. In like 
manner, the degrees and minutes wiU be sliown if each division be subdivided into 00 
equal parts. This is the important principle in the consti*uction of the sextant. 

Besides the two reflectors, B and C, in the figure at page 173, several other glasses, 
— called screens or ahades^-^-axo: attaoU’id to the framework of the instrument, as shown 
at K and L, These arc merely stained or coloured gla'^scg to be interposed ’in the path 
of the rtys from luminous objects, as the sun, and sometimes the moon, to reduce the 




TO USB THE SEXTANT. 


177 


intensity of the glare, which might bo too strong for the eight, and, in the case of the 
sun, could not be endured with a clear sky. The principal use of these glasses, there* 
fore, is to screen the eye ; but they afeo serve to distinguish the object from its image 
by difference of colour. The moveable glass, G, is a microscope supported by a slip of 
metal turning about its extrtmity a, so a% to allow of its being brought ovey th* 
divisions of the Vernier^ — a small and important scale attached to the index, for the 
pui'pose of marking subdivisions too minute to be engraved on tbo circular limb of the 
instrument. We shall explain the Vernier presently. 

UTo use the Znstzament. — ^The piano of the quadrant or sextant must always 
be held in the piano of the two objects, of which the angular distanc^ is to be taken ; 
it is grasped by the handle H, usually with the* right hand (see the figure tft page 173), 
the other hand being employed in moving and adjihting the index, — when* as m 
common quadrants, there is no handle, the instrument is held by the frame-work 
itself. If the sun’s altitude is to bo taken, the instrument is to be held in a vertical 
position, the index act to 0 on tlic limb, and the eye applied to the telescope or — 
reiboving this— to the sight- vane, which 'supplies its place, and directed through the 
horizon-glass to that part of the horizon which is vertically under the sun. /The index 
is now to be moved forward till the image of the sun, which we shall see to he , 
gradually descending, till the limb just touches the horizon : the observed altitude of ii 
that limb will thus be obtained. * l 

, The sig)jt-vane may now be turned down and the telescope introduced, which, by 
iungnifying the image, will render the contact more distinct. It is, in general, more 
easy to gel a contact, though with loss precision, without the telescope than with it, 
as the telescope greatly limits the field of view ; but after the index is adjusted to the 
approximate contact, the telescope, previou.4y set to distinct vision, will at once show 
the object more clearly defined, and give the contact more accurately, — of cour^e, 
whatever shades maybe necessary to protect the eye and to distinguish the (d)jei:t 
I from the image are to be put down. 

If the altitude of a star is to be taken the ox>eratioii is just tbo same, care being 
i taken to keep the star’s image in view during theVholo of its descent to the horizon, 
to avoid the mistake of bringing down the wrong star. The mooa’.s altitude is taken 
in the same way as the sun’s, using such shades as may be found necessary. 

'NVhen a lu lar distance is to be observed, the plane of the sextant must bo held so 
that both objects may lie in that plane, and the sight is to be directed, through the 
horizon-gbiss, to the fainter of the tw'o, so tba4 when the brigliter object is to the left, 
the instrument must be held face downwards. 

The practical management of the* instrument, in making observations at sea, can 
be efficiently acquired only on ship-board; the movements of the body must be 
accommodated to the motion of the vessel, and peculiar attitudes and positions will 1 o 
necessary in peculiar circumstances: the observer sometimes stands erect, sometimi a 
reclines against a support, and sometimes lies on bis back on the dock, when taking a 
lunar distance. It is plain that nothing but experience can dictate to him the best 
way of handling bis insti-umont on the various occasions that may require its use. 
Supposing tho observation to have been made, A remains *to rca4 off the angular 
measure ; this is done by aid of the Vernier^ a contrivance so called from the name of 
its inventor. 
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178 EXPLANATION OP THE VERNIER, 

▼«niiev.<-*T]iis is a email scale attached to the index-limb, F, of the instru- 
ment ; it is slightlj inclined to the face of the divided limb AA, and moves, with the 
index-limb, in close contact with the divided ifrccAA. It is attached to many other 
Bcales— as, for instance, to those of the barometer and thcrqiometer — as well os to the 
BcSles of quadrant and sextant, and is, ^n fact, an appendage to many astronomioal 
instruments used for angular measurement ; its object and utility may be explained 
as follows 

Let CD represent any graduated scale, and AB a line which we wish to measure 
by it ; the scale and line must of course be of the same character — ^both straight or 
both circular. If, upon appl 3 ’ing the scale to the line, as in the following figure, 

I I I I -f* i I I I I I I. I -I I I I li 
O l> 

r 

find the extremity B to fall accurately upon ono of the divisions of the scale, we, of 
course, obtain the measure without anj’’ fractional parts of a division : we may, for 
illustration, call the divisions degrees, and wc shall conclude the measure to be so 
many degrees exactly. 

But if, as would be most likely, the extremity, B, of the line projects beyond the 
boundar)^ of a division without reaching the next, the length would be so many 
^egrees and some fractional parts of a degree, which the scale affords us no efliv lent 
nfeans of measuring. In th<j figure, the measure of AB is eight degrees, w'ith a frac- 
tional part, flB, of the ninth degree, the exact amount of which can only be guessed 
at. The object of the Vernier is to make known the value of this fractional part. 

Imagine a second scale, BE, with its ( omnicnccment placed in contact witli the 
extremity, B, of the proposed line, to be applied to tlio scale CD ; Fupposc the whole 
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length of this second scaJo to be 8 degrees, but that it is divided, as in the figure, into 
9 equal parts, and let us assume, moreover, that ^B may be expressed in lenth? of 
degrees. 

Among the divisional marks of the soeond f-eale BE, thus placed, there will neces- 
sarily be found one which exactly eoiTCsnonds to a di>iRional mark on the first scab', 
CD ; in the figure above it is the fourth mark, and wo accordingly conclude that ffB 
measures four-tenths of a degree, so that the Avbolo measure of AB is 8J. That such 
is the case will he readily seen from eonsidering that one of the divisions of BE is 
jpnly -j^jjths of one of the divisions of CD, so that one of tbo latter divisions exeeeds one 
of the former by -^th of a degree, two of the latter exceed tw'o of the former by 
and so on. 

Now from 4 to B, on BE, there are four divisions, and from h to f on CD, tlu ro 
are also four divisions ; ilie latter four, in their wboU‘ length, exceed the former four 
by -^ths of a degree ; but this excess is the length n^B, eonsequcntly oR =: ^^ths. It 
follows, therefore, that if cB he only an exact number of tenths of a degree, wc shall 
be able to measure those jenths by ^^bis contrivance 5 and the error of measurement, if 
rtB bo not an exact number of tenths, and then'fore the mark 4 not strictly the conti- 
nuation of the mark must be less than In like manner, if the scale BE had 

the length of 19 degrees of CD, and were divided into 20 equal parts, aB could have 
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been measured accurately to within ^th of a degree, and so on. The scale BE is the 
Vernier. 

The annexed figure will give an.|id6a how the Vernier attached to the indaz-limb 
of the quadrant or sextant adapts itself to the circular 
graduated limb of the instrument. The poipt marked 
a on the Vomier is the index of the graduated arc of 
the limb, and is that which marks out the integral 
port of the measure of the angle, the fractional part 
being indicated by the Vomier divisions, as already 
c^laincd. It is the mark a which ought to correspond , 
with the mark 0 on the graduated limb, when the 
index and horizon glasses of the instrument are 
parallel : it is common, however, to speak of the whol 9 
moveaMo limb A as tlie index. 

Supjioac each of the divisions on the graduated limb to denote n and 

let m bo the number of those divisions which make up the whole extent of the Vernier 
scale, then the Veraier will contain m n of the minutes of the graduated limb. If this 
extent be divided into m 1 equal parts, then the differenco between one division on 
the graduated limb and one division on the Vernier will bo • 


4/1+1 m + 1 


=: 20', and m == 10', 

: 10", &c. 


= 1'. If n = 10', and m 


59', then 


The Index Enror.— If when the index and horizon glasses are parallel, the 
beginning // of the divisions on tlie Vernier, does not coincide with the mark 0 on the 
graihiatcil ]imb, the distance bctivecn thpm is the index error — subtractive when the 
Vernier mark is to the left of the 0, and additive when it is to the right. To discover the 
amount of index ciTor, move the index till a {joint of the horizon., or some more distant 
<>I)jeet, idt's with its image : the distance of the index mai'k tf, from 0 on the 
-raduated Liab, is the amount of index error. 

The sexJ Mnf just described is only a modification of tlie quadrant ; both instruments 
r.jc in principle the same. The fii-st published description of the quadrant appeared in 
the Thill )so])ldeal Transactions, Xo. 420, for the year 1738, the paper communicating 
it having been laid before the Society in Ma;f, 1731. It was the production of John 
Tl..dioy, and the instrument he described w'as consequently called Hadley’s (Quadrant; 
there is litth reason to suspect that the. invention was not his own. But a similar 
instrument had long previously been invented bj’’ Newton, and communicated to 
Halley, who kept the contrivance to himself. ** The desesriptiou of the instrument was 
fnuud, after the death of Halley, among his papers, in Newton's own handwriting, by 
hi-^ executor, who communicated his papers to the Royal Society, tweiify-livo years 
fu Newton's death, and eleven after the publication of Hadley's invention, which 
might be, and probably was, independent of s^y knowledge of Newton’s, though 
Hutton insinuates the contrary.” “But,’’ adds Sir John lierschol, “ the priority of 
invention btdongs undoubtedly to Newton, whose claims to the gratitude ^of the 
navigator are thus doubled, by bis having funiishcd at once the only theory by which 
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hia vessel can be securely guided, and the only instrument vrhich has over been found 
to avail in applying that theory to its nautical uscs.”-~(Astroiiomy, p. 102.) 

r 

^ Charts.*- A chart is a map upon a plane surface of a portion of the sea, including 
whatever within its limits it may be usefuh to the mariner to have exhibited, such as 
rocks, shoals, &c., and in some the directions of currents, and the variations of the 
compass. Charts are of two kinds — the Plane Chart and Mercator's Chart. As in the 
former the meridians are all parallel lines, and the degrees of latitude all of equal 
length, the proper relations of latitude and longitude are grossly violated, and such 
charts are of no use except for mere coasting purposes. At sea, the only charts of any 
use are those constructed on Mercator’s principles, described at page 60, the degrees of 
longitude renwinihg invariable, while thsse of latitude are enlargod more and more 
from the equator to the pole, agri^cnbly to the law investigated and explained at the 
page referred to. 

The foUowing is a representation of the globe projected upon Mercator’s plan, but 
ou a scale far too minute, of course, to serve any other purpose than mere illustration, 
for which alone it is here introduced. On the actual sea chart, representations of the 
compass are placed at intervals, for the purpose of setting off courses. ^ 



The, meridians which limit tho chart cmidoyecl at sea are graduated, as also the 
pirallcl of latitude which bounds the extent of the chart north or south. A point on 
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tho chart being maz'kod, wq find iti latitude by simply obseerving where the edge of a 
straight ruler applied to the point, and held parallel to any parallel of latitude, cuts the 
graduated meridian ; and the lonjitade is found by placing the edge, while on the 
point parallel to any of tho meridians, and observing where the edge cuts the graduated 
parallel. • ^ • 

To find the course between two places on the chart, apply the edge of a parallel 
ruler to the two places, and, holding it there, move the other part of 5io ruler till an 
edge passes through tho centre of one of the compasses : the course will thus bo 
indicated: 

To lay down on tho chart tho position of the ship by dead reckoning— that is, from 
her course and distance from a given point of departure, as the preceding noon, place the 
ruler on the point of departure, and parallel^to the given course : %om^the graduated 
meridian at the side of the chart, and in the latitude of the ship, take the distance, in 
degrees, &c., in the cooJpasses : this distance applieff from the point of departure along 
tho edge of the ruler in the diiection of the course will mark out the position of the 
ship by dead reckoning. To lay down the position as given by the latitude and longi> 
tude is sufliciently obvious : tho intersection of two pencil lines, through the given 
points of latitude and longitude, and parallel to the boundaries of the chart, will be the 
position sought. « 

It vrill be perceived by the reader who has gone over what has been delivered in 
tho Navigation respecting Mercator’s sailing, that although positions are oorrcijfljr 
exhibited on tho chart, as regards latitude, longitude, and course, yet c^isiancr^ are 
exaggerated (see page 61). Distances which are the same on the globe become more 
and more elongated on the chart as we approach the pole. 

The Ship's Jouxnal — A Sea Journal is a record of the daily transactions and 
occurrences in connexion with the navigation of the ship, including whatever obser- 
vations and remarks tliat may be necessary to give a brief but connected professional 
history of the voyage. • 

The entries in the J ournal are made houily after the dcpaitui*e is taken : the ship 
shapes her course towards a difinite point, and to do this either a chart is consulted or 
the angle determined by computation ; allowance then being made for tho variation of 
the compass, and the local deviation, the compass or steering course for the first stage is 
obtained. The ship, however, is usually considered to depart from the point of land or 
other conspicuous object last seen, and the bearing opposite to that of this point of 
departurt' is regarded as the first course, and the distance of it as the first distance. 
The ship is not, however, considered as hating fairly commenced her voyage till her 
final departure has been taken. ^ 

Time is generally recorded os in the afiairs of civil life, and not according to astro- 
nomical reckoning ; noon and midnight equally divide the twenty-four hours as on 
land. From tho hourly registry of the course and distance, the leeway and the vari- 
ation of the compass being properly allowed for, the ship’s position is determined every 
’ day at If no astronomical observations have been Diade, the posituni thus detcr- 

i mined is the place of the ship by ; but if tlic laiitudc or longitude, one 

: or both, have been computed from observations^ga distinct entry to that effect is made, 

I although Uie daj ’s account by dead reckoning is still preserved. 

I This clearing up the ship’s account every day at noon, so as to enable hereto take a 
j fresh departure daily at that hour from a known position, just as she took her departure 
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at first, is called a day's work. As noon is the t£ne inyariably fixed upon for asocr>- 
taining the resultant of all the preceding twenty-four hours’ sailings, whatever lati- 
tude or longitude may have been determined astronoinioal observations in the 
interval is brought up to that hour by help of the dead reckoning. Hence the entries 
** Latitude by Observation” and “Longitude by Observrtion,” frequently inserted in 
the noon results, are in general mode up in some small part of the latitude and longi- 
tude by account. 

In keeping the ship’s reckoning, the position departed from at each noon is con- 
sidered to be that which nautical astronomy assigns ; so that when obscr\mtion8 have 
been made in the interim, the dead reckoning commences afresh, and is not a con- 
tinaation of the yesterday’s account. The record is then carried unintcn-uptedly on 
txH a noon ar^yef^ immediately before wjjuch the true position of the ship has again 
been settled by observations, and^so on. The meridian observation for latitude is of 
oonrse i^orded for the noon on which it is made. 

The working of a day’s work may always bo effected by tbe Traverse Tabic, after 
the manner shown at page 48 ; and as the twenty-four hours* sailings should be re- 
garded only as fumisbrng data for finding tbo position of tbe ship at the end of that 
time approximately, it is not considered as, in general, necessary to attend to minutes 
in tbe courses. It is mere waste of time,” observes Lieut. Raper, “ to work the 
course nearer than to the whole degree ; for even if the compass could be depended 
lipon, as it cannot be, to 1®, the ship cannot be steered to twice that quantity." Wc 
fliiflU now give a very short specimen of a Ship’s J oumal ; there is no settled and 
uniform plan of arranging all the entries ; but there are certain prominent features in 
which all sea journals are alike. The specimen here offered is, with some alight modi- 
fication, extracted from that given by Mr. Kiddle in the work befoii' refcrr<'d to. 

The reader is already aware that tbe principal entries in the Journal ait*., in the 
first instance, written in chalk on the black board called tbe lo^-hoard, from which they 
are afterwards transferred to tbe The correction of the sevcial courses for 

leeway and variation bciug made, and the position of tbe ship at noon, as deduced 
from tbe sailings, and as determined by observation w’ben observations arc taken, 
completes the day’s work, and renders the log-book s. journal 

From what has already been said as to tbe unavoidable imperfections in even llie 
most careful measurements of a sbip’s course and distiincc, the difficulty of milking the 
proper allowances for the leeway, &c., and of csi* mating the effects of .squalls, currents, 
&c., it will readily be inferred that a ship’s joiiniai would soon become so erroneouvi, 
as a registry of actual facts, as to be quite valueless, unless repeatedly rectified by 
astronomical observations. In the absence of these, such a journal would describe little 
, other than the imaginary route of an imaginary' ship, which, after a voyage of any 
length, might terminate at almost any point of the globe as likely as at the point 
reached by the real ship. No opportunity, therefore, should be lost to che(;k this in- 
creasing tendency to error in the dead reckoning, by carefuUy^determining the position 
of tbe ship from the safe principles of nautical astronomy ; and the ship’s account 
should be regarded as of value only in so far as it can be made auxiliary to the 
application of those principles. 

The letters H, K, F, aj^the beads <pf the first three columns in the following speci- 
men of a journal, stand for hours, knots, and fathoms, or tenths of a nautical mile. 
Tbe entries between noon and midnight are marked P.M. {post msndiem), and those 
between midnight and noon arc marked A.M. (ante mendiem). 
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The result of each day’s work |s inserted at the bottom of the page ; the courses 
being corrected for leeway and yariation, the result exhibits the true course and dis* 
tance from the point of departure ; together with the diif. lat. and diff. long, made in 
the twenty-four hours, or rather thj latitude and longitude reached. 

• • 
JExtractfrom a Joumai of a Voyage from St. Michael towards England. 



8 E.N.E. I E.; 

I 

7 ! 


N. N.W. 

N. 


2 E. N. N. h E. 


0 E.bS. N.E, 


Bemarks Sunday, Sept. 11, 18— 


Moderate and clear weather. p.m. 

At 3 p.m. the eastern end of St. Mi- 
chael’s, lat. 37* 48' K.Jsng. 26" 13'W., 
boro W.S.W., dist. 6 leagues, from 
whmh I take my departure. « 

Ditto weather. 

Fresh breezes and cloudy weather. In 
top gallant sails. 

Ditto weather. 

In second reef topsails, }iauled down 
jib, and set fore topmast staysail. 

Strong breezes and hazy weatbei^j 
brailcd up spanker, and set miren 
staysail. 

In third reef topsail, and set trysail. 


Ditto weather. 


1 3 4 E. S.E. 

2 3 6 

3 3 9 

4 4 2 

6 4 ' 3 N. X.E. 


Cou’-Bc. * 
N. 5S^E. 


Monday, Sept. 12. 

Fresh gaits and hazy weather. 
More modrratt*. 


Out fourth : 


' tonsails. 


'(Tacked; strong breezes and CiGu-7 
I ( weather. 

2 jOut third reef topsail ; set jib and spanker. 
• I ( Set top gal, sails. Fresh breezes and 
I ( cloudy weather. 

U 

Out second reef top sails. 

Lat. by doub, alts, at 1 1 a.m. 38" 15' N. 
Diff. lat. up to noon . . 5’ N. 

Latitude at noon 38" 20' N. 

Moderate and clear weather. 

^'oriation by am plitu de points TV. 


N.49°4E.Pl8t. 1074m. 


Lat. 

Lat. ohB, 

— 

T onp. acet. Long. obs. 

38'^ 19^ N. 

SS-" 20^ N. 

24^ 11' W. 
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Extract from a Journal of a Voyage jroi^t. Michael towards England, 






Courses. 


Lee- 


II 


K 

P 

Winds. 

way. 

^ f liemarlcB Monday, Sept. 12, 18—. 

< 1 


4 

6 

N. NJE. 

E. 

u 

Moderatq, and clear weather. r.M. 

2 


5 

0 




( Out first reef topsails, set royals, and 





N. ^E.iE. 



C flying jib. 

3 


6 

3 

E. 1 N. 

i 

Light breezes and clear weather, 
f Ditto weather. Swell from E. from 


4 


5 

6 




< 4 p.m. till 8, for which alloAV a drift 

( of 24 miles. 

5 

6 

0 





6 

6 

1 

; E.S.E. 



In royals end flying jib. 

7 


1) 


N.E. 

^l 

Tacked. 

8 


5 

7 





9 

, i 

5 

0 



i 

Ditto weather. 

10 


3 , 

3 1 




11 

5 

8 



0 


mid- 





1 


1 

night 

6 

2 




Ditto weather. 








Tuesday, Sept. 13th. a.m. 

‘ « 1 

5 


9 

E. S.E. 

N.E. 

H 

Moderate and clear weather. 

2 

d 


7 




3 

6 


3 



1 

Fresh breezes. In topgallant sail. 

4 

6 


4 




6 

6 

d 

5 


0 

0 

E.N.E. 

N. 

n 

In first reef topsails. 

7 

4 


8 




Strong breezes and cloudy. 

8 

4 


3 




In second reef topsails. 

Long, by chron. at 8 a.m. 23^ 2' W, 

9 

3 

9 



2 

1 Diff. long, up to noon . 17' E. 

10 







^ Long, at noon . . 22 45' W. 

3 

4 




Flying clouds, W'ith light showers. 

11 

3 


3 



n 

( Fresh gales and squally : down jib and 





1 in spanker. 

noon 

1 

3 


5 




j Lat. at noon by mcr. alt. SS"* 46' N. 

{ Var. 20"’ W. by azimuth. 

Course. 

1 

Dist. 

Lat. ncc. 

Lnt. oba. 

ton*, ncct. lx.n« ob.. 

22’S6'W. 22>4yW. 

N. 69^i:. 

cam. 

38" 43' N. 

1 38"46'N. 


In reference to tlie two preceding days' works, it will be observed that as the 
variation of the compass is westerly, it must be allowed to the left of the compass 
courses ; and, therefore, when the ship makes leeway on the larboard lack, the 
difference between the leeway and variation is the correction to be applied to the 
course, — to the lefty if the variation is the gi cater, but to the right if the leeway is the 
greater. 

When the ship makes Ideway on the starboard tack, the allowance for itj as well as 
that for variation, being to the left, their sum will be the correction to bo applied to 
the compass course; and when no leeway is made, iho only correction is for the 
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variation. Now E. N. E., the opposite point to the bearing of the knd fiom which, 
the departure is taken» is the first course ; and this^ and the drift, being corrected for 
variation, and the other courses fij: both variation and leeway (when there is any), 
and the distances on each of these courses added up, we have the following traverse 
tabic for the first day's work e ^ • 

TEAVEESE TABLE. 




Dilt Lat. 

1 Departure. I 

Courses. 

Dist. 

N. 

8. 

£. 

W. 

N.E. i E. 

18 

iji 


13-3 


N.E..5 E. 

16-9 

101 

• 

13-6 


N.E. b, E. i E. 

8-3 

3-5 


7*5 


E.S.E. i E. 

11-4 


2-8 

11-1 


S.E. i E. 

70 


4-7 

5*2 i 


S.E. 3 E. 

8 1 


4-8 

6*5 


N.N.W. 

4*3 

4-0 



1*6 

N. b, W. f W. 

8-5 

% 

8-0 



2*9 

N. b. W. J W. 

9-7 

9*4 



2.4 

X. i W. 

4 2 

4-2 



•6 

X. i ^v. 

96 

9*6 



•5 

S. k AV, 

18-0 

1 • 

! 

180 


*9 



60-9 

1 

30-3 ( 
1 

57-2 

8*9 



30-3 

1 

I 

8-9 


Course, X. oS"* 

E. 


1 

1 



Distance, 57 miles. 

30-6 

i 

48-3 



Lat. left . . 37'’ 4S' • Mcr. parts. . , 2453 

Difi: lat. . . 3r 


Latin. . . 38M9' 2492 

:M. diff. . . ^ 39 

Hence, by Mercatoris sailing^ page 64, the difference of longitude is 1 2' E. . 
Long. left. . . . 25^ 13' W. 

Diff. long. . . b l'^ / E. 


24 " ir W. 



18G TBE DAT’s WOKE. 

TherefopD thfi ship's place by account is 

Lat. 38° 19' K. Long. 24° 11' W. 

From 11 A. M. till noon the ship’s true cours^ was N. i W., 6 miles nearly : hence 
the difference of latitude also is 5 miles nearly ; and Jthis added to the latitude, as 
determined by double altitudes, at 1 1 a. k. gives 38° 20' N. for the latitude by obser- 
vation at noon. 

With this latitude, and the longitude by account, the bearing and distance of the 
Lizard are found to be N. 49° i E., 1074 miles. 

The courses for the second day’s work, being first corrected for leeway only, as tho 
variation is given degrees, we have the following traverse table : — 

4 ^ • 

• thavebse table. • 


Courses. 

Dist. 

Diff. Ut. 

Dcpiwture. j 

N. 

8. 

E. 

W. 

N. i E. 

9-6 

9*5 


1*4 


N. d. E. \ E. 

23-0 

22-3 


50 


S.E. b. E. 

li-d 


6*4 

9-6 


S.E. b. E. i E. 

10-3 


4*8 

9-1 


E.S.E. 

12 0 


40 

IM 


S.E. 3 E. 

U-6 


0*9 

9-3 


S.E. b. E. 

I.V7 


oc 

13*0 


E X. 1 

/ 

' 14*1 

t-4 


l-io 


E. ! 

7'3 i 



! 7-3 


E. \ S. 

0*8 ; 

! 

.*7 

j G-8 

1 

W. (sMell). ' 

24-0 

j 

1 


! 



1 

33-2 

321 

87-2 

24 


•1 






1 

32*1 


21 0 


Compass Co., X. E. 

— 




Distance, 03 miles. 

11 


03-2 



Compass course N. 89° E. 

Variation 20° W. 


True course *. . . . . N. 09° E. 


Distance 


03 miles. 
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With this ccrawo and distance 6Sl found from th© Tmverse Table, the diff, 
lat. and departure are found to bo 22*8 N. and 58*8 £. 

Lat. left, . . • . . . . 38’ 20*^ N. 

Diff. lat. • ^ 23' If. ^ 


Lat by account .... 38’ 43' N. 


Long, left 24’ 11' W. 

Diff. long. 1’ 15' E. 


liong. by account . . . 22’ 56' ^ 


The departure made, from 9 a. till noon, is nearly 14 nulos^ with 'W'bich, *and tbc ; 
mid-latitude, about 38i’, the difference of longitude is found to be 17 miles; which, 
taken from 23’ 2', the longitude by the chronometer at 9 a. m., gives 22® 45' foi' the 
longitude by the chronometer at noon. 

Conclusion. — ^In here terminating our treatise on the Principles of'Kayigation 
and Nautical Astronomy, wo would remind the reader of the objects propi^sed in^ 
undertaking it, as sufficiently declared in the Inteoduction. This object was two- 
fold : first, to furnish to the mathematical student a convincing proof of the great 
practical value of the ab stract sciences which he cultivates ; and, second, to supply the 
professional navigator with the theoretical principles on which his rules of operation 
arc founded. It did not enter into our plan to go into all the practical details of 
navigating a ship, nor to dwell upon those facilitating expedients which could be 
rendered intelligible only by the aid cf extensive nautical tables. The present work 
is offered to the notice of the mariner m^re in the character of a companion or supple- 
ment to the hooks of rules and tables in cvery-day use at sea, and as serving to show j 
him the scientific theory on w hich his practice is based, But as far as could be done, 
W’ithout special table?, we have fully gone into the calcrJations necessary for deter- 
mining the i>osition of a ship on the ocean ; and have shown that all the practical 
demands of navigation may be amply satisfied by help of only tbc common logarithmic 
tables, and il'at knowledge of turning them to account which the clementaiy prin- 
ciples of piano and spherical trigonometry supplies. 

The remaining i)oi'tion of the present voiiimc will, in an especial manner, prove 
acceptable to the mariner. It wuU supply an extensive amount of valuable instruction, 
the result of long and varied experience, digested and methodized by one of the most • 
distinguished scientific navigators of the present day, Lieut. Maury of the United 
States navy. Even to the non-professional reader, the philosophical exposition given 
by this eloquent writer of the physical geography of the ocean will offer attractions of 
no common kind ; and we consider ourselves fortunate in being enabled to incorporate 
a performance of bo much merit in the Circle op the Sciences. 

To the treatise juat concluded, wo shall no-w add a few general remarks by way of 
comment, subjoining some interesting and valuable information respecting the action 
of iron ships on the compass. 
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KBFLBCTIONS ON THE SUBJECT, 


It cannot fail to strike an attentiTe reader, d at the subject of NaTigation presents 
a forcible example of the yalue of abstract scicnoe, eyen in circumstances where the 
practical application of its principles would" so'^m to be almost precluded, on account 
of the unavoidable imperfections of our observations and. experiments; of the instru- 
4ncnt8 with which we work, and of the njateriols upon liirhich we operate. 

Tho mechanical tools or implements of the navigator are the log, the compass, the 
chronometer, and the sextant ; these arc to furnish him with the materials upon which 
his science is to work, and from which ho is to extract his all of information in aitua* 
tions where no external aid can reach him, and where to err may involve life and 
property in sudden destruction. Yet the mechanical means upon which he thus 
depends for guidance and safety, are all confessedly imperfect ; he can measure with 
accuracy neither the rate at which ho sails, nor the course upon which he steers ; and 
even if tho log and compass^ were perfect, hidden and ^unsuspected agencies may 
vitiate, and falsify the indications of both. The sextant, fortunately is beyond the 
operation of these disturbing causes ; it is, moreover, the least imperfect of all his 
nautical appliances, and accomplishes the important end of rectifying and adjusting, 
to a very close approach to accuracy, what the other instruments may have done 
amiss. It is among the most valuable gifts that science has ever presented to mrm to 
aid him in his necessities ; Nautical Astronomy could not exist without it : and to say 
that it is not perfect, is only to repeat what has been applied to every work of man’s 
‘ Jiands. Tho best sextants, however, are sub-divided to no smaller arc than 10', so that 
fewer seconds than 10 must he estimated, by help of the microscope, entirely by tho 
eye.* 

As just noticed, the sextant — including of course in this term the quadrant — is of 
tho utmost use in correcting the results of tho dead reckoning. But the ship’s account 
continuously accumulates, and its errors must run on till the weather and tho sky 
furnish opportunities for celestial observations. In the interim, the vessel is tnisted 
almost entirely to the guidance of the compass ; and it most unfortunately happens that, 
from the local attraction, the ship may often lAi said rather to direct the compass than the 
compass to direct the ship. It is most important, therefore, that the intervals hctwe(m 
observations at sea he shortened as much as possible by seizing every occasion that offers 
for making them. From what is taught in the precedmg pages tho reader will easily 
perceive how it happens that even very gross crroi's in the dead reckoning become 
comparatively inoperative in the results deduced from astronomical observation, 
although the calculations founded upon these observations do viitually involve tho 
data furnished by the ship’s account. These data, however, do not directly enter into 
the w’ork ; it is the tune which corresponds to them that is employed ; and, fortunately, 
the astronomical elements, taken from the Nautical Almanac, in reference to this lime — 
semidiametcr — declination— right ascension— horizontal paiallax, &c., vary so Uttlc, even 
in a large interval, that an ciror in the ship’s place to the extent of a quarter of tho 
globe would not, in general, entail an error of a quarter of a degree in the adjustment 
of that place by the lunar observations, provided, at least, that the time he not deduced 
from tho moon. 

As already remarked in the volume on the Matiiematical Sciences, page 71, the 

I 

« 

* The error of this estimation can never reach five seconds, so that the correspooding error in 
longitude cannot he more than about t'n’o miles ; an error that is quite compatible with piTfeot 
safety, except in very extraordinary circumstances (see page 158). 
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reasonings of pure geomet^ tolerate |o errors in the premises ; but practice can never 
satisfy these rigorous conditions, and in proporticm as they are departed from will be 
the geometrical shortcoming of our ^conclusions. At first sight, therefore, it would 
seem chimerical to hope for any close approach to accuracy from data so widely erro- 
neous; but when it is cofisi^ered that these data connect themselves with othe» 
dependent data, which ore incapable of error beyond a very limited range, we at once 
perceive that these latter may be very near the truth, though the former may greatly 
depart from it ; and that if the inquiry involve the dependent data only, and not in a 
direct manner the original, the inaccuracies of need give us but comparatively 
little concern. 

It is thus that a very close approximation may be made to the true position of a 
ship, though the dead reckoning may displace her many degrees, andJthough, at the 
same time, we employ this reckoning in the operation, as if it involved ISb error at all. 
But in the intervals bett^cen these adjusting obscr^tions the safety of the ship is 
often wholly dependent on the trustworthiness of the compasses, and of late much 
mischief has arisen from placing too implicit a confidence in them in certain circum- 
stances. 

Since the prevalence of iron vessels, the disturbances of the compass have been 
seriously forced upon the attention of scientific men ; and the subject of Jociil devi- 
ation, still involved in considerable obscurity, is becoming more and more a matter of 
anxious scrutiny and investigation. The importance of the inquiry was ctrongly » 
urged by Dr. Scoresby, at the meeting of the British Association, at Liverpool, in 
1854. ‘‘ There were certain principles,*' observes the Rev. Dr., connected with the 
navigation of iron ships, which were universally admitted. Those principles were, 
that iron, being more especially disposed to the magnetic condition, was a material, of 
course, calculated above all others to disturb the action of the compass on board the | 
ship. Again, it was admitted that there were difficulties in the navigation of iron 
ships, arising not merely out of the original or primarily magnetic condition and 
disiurhiiig influence of the iron, but also jn respect of certain clumges which had been 
hold as mysterious — changes which took place not unfrcqucntly in regard to ships 
whose magnetic condition had been supposed to be very well ascertained.” Dr. 
Scoresby then adverts to the circumstances connected with the melaiicholy wreck of 
the “ Tayleur,” the fate of which must be in the recollection of all our readers. The 
ship “ Tayleur,” a new vessel, hound to Australia, sailed from Liverpool on Thursday, 
January 19, 1844. She was 1,979 tons burthen, now measurement, and she had on 
board about 458 passengers, — the crew and passengers altogether making a total of 
528 persons. She left the Mersey about no#n on the above-named day. The pilot 
left her between seven and eight o’clock in the evening, in a position between Point 
Lynas and the Skerries. On Friday she encountered very heavy weather ; and about 
eight o’clock on the following morning (Saturday), it W'as for the first time ascertained 
that there was any material difieronce between the compasses. 

There were three compasses on board. Dr. Scoresby makes special reference to | 
two of these. One of the two was near the helmsman, and was the one by which he 
steered ; and the other was near the mixon-mast. Both of these compasses had been 
what is called adjusted, by permanent magnets ; |0 that if the principle of adjustment 
had been correct, they should not either of them have chfaged or diifered from the 
other. ^ ^ 

Trusting to the compass near the helmsman, the captain had the idea firmly 



190 


SCOlUCSBT’S fiJBSEiUlCHES. 


impressed upon his mind tliat lie was sailing foicly down almost mid^channel ; at all 
eycnts, in a good position for navigating tho Irish ChonncL The other compass 
indicated a dif^ermloe of about two points. « The captain, however, judging from 
certain indications which he had noticed previously, assumed that tho wheel compass 
was the correct one. ^ 

In the coarse of a few hours, about Half-past eleven o’clock on the some morning, 
the wind having increased, and a heavy sea setting up tho channel, the ship made 
rather a rapid progress, when they suddenly came in sight of land on the lee beam, in 
such a position that there was necessarily a great difficulty — in this case (according to 
tho measures pursued) an insurmountable difficulty — in avoiding the land. An attempt 
was made to wea' the ship round. This failed ; and then an attempt was made to use 
the anchors to bring her up. Both the cables snapped on the oocaslou, and the ship 
was then left’ Helpless, driving broadside upon the rocks of Lambay Island. The result 
was the fearful catastrophe witlf which most persons are acquainted— namely, the loss 
of about 290 lives : out of 100 females who were on the ship only three escaped upon 
that melancholy occasion. 

Investigations into the cause of the calamity were undertaken, and the Marine 
Board of Liverpool, after stating that Captain Noble had given very great attention to 
the ascertaining of the correctness of his compasses, and verifying their action on 
dilTerent occasions, report that “ notwithstanding these precautions, it appears to this 
cBoard that the *• Tayleur” was brought into the dangerous position in which tho 
week took place through the deviation of the compasses, the cause of which they (the 
Marine Board) had been unable to determine.” 

To these important matters Dr. Scoresby has given much thought and attention, 
and he finds from numerous experiments, some of which are very simple, that 
mechanical violence has a very considerable influence upon the magnetic condition of 
iron. Thus, an iron bar, entirely deutral as to its molecular magnetism, if held in an 
upright position, or inclined in the axial diredion of the earth's magnetism, wcic 
subjected to percussion or other raechanicaj violence, not (mly did its magnetism 
become much more powerful than that of simple induction, but it strongly exhibits its 
augmented polarity when plaot fi in the east and west equatorial position ; and, how - 
ever it might be moved about and swung round, its polarity remained the same. Dr. 
Scoreshy applies tliesc fattts to iron ships, and points out that, in consequence of tlie 
percussive action to which tho material is exposea while the ships are in course of 
construction, it became as intensely magnetic as it is possible for malleable iron to be. 
.This augra(mted magnetism, howevcT, is not pt'rmanent or fixed, but, under different 
circumstances, as to the relative directions of the ship’s magnetism and that of the 
earth, is easily chang<‘nMe, and liable necessarily to bo changed. Tho magnetism 
‘ developed by mechanical violence can ho readily neutralized or clianged, under a proper 
cUangO of conditions, by other processes of mechanical violence. 

The general result of his experiments went to the establishing of the fact, that 
besides the two denominations of magnetism ordinarily received — ^that of simple ter- 
restrial induction, and that of permanent independent magnetism — ^thcro is another 
denomination corresponding with neither , not being absolutely controllable, like the 
former, by terrestrial inffuenccs, nor^ capable, like the latter, of resisting all kinds of 
mechanical violence. To' this third denomination ho gives the name of Ketentive 
Magnetism, and which he i)rovcs to bo a fluctuating quality, though hitherto consi- 
dered as permanent. On the contrary, tho long-continued vibration of a ship under 
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itnd mtich moro bo tbo ft w d iiiii y of the vesaol in a heavy scB) undtf the (d 7 Cui&*> 
BtancoB when the teiToBtrial induction might be acting in a very different direction 
from the original axial poUcritieB of the ship, would be sufficient to change the direction 
of the magnetism originally .develop€Sl in the course of her coastniotion. Hence, he 
observes mneh would dope&d,Jin respect of the mechanical action of the sea, on the 
position in which the ship had been built. *In the case of the “ Tayleur,” when he 
first heard of the catastrophe and had read the evidence, he stated to some fiiends at 
Torquay that he would venture to affirm that she had been built with her head norths 
mirdi 1^1® found on inquiry that she had been built with her head nearly north-east* 
Hero then, ho adds, were the precise circumstances for expecting a change in the 
ship's magnetic distribution. Having been built with her head to the north-east, she 
had a certain magnetic distribution accordingly, and when she bega^^ to strain, with 
her head to the south-west, that distribution was necessarily changed^ wd the first 
effect of it had been to produce a great difference in* the two compasses adjusted by 
fixed magnets. If the captain had been aware of the changes which might, and most 
probably would, take place when the ship began to strain in a different position firom i 
that in which she had boon built ; if he had kno^vn that the compasses, having so large 
an original deviation as 60", might vary as much as two, throe, or even four, points, 
he would have known, of course, that he must place no reliance upon them* * 

It is most important, therefore, continues Dr. Scoresby, for safety in navigating 
these vessels, that captains should be made aware of the liability of the compasses to , 
change, and so to mislead them ; that they should know the circumstances under 
wh*ich, in accordance with natural laws re|^ulating and applying the earth^s inductive 
jH'tion, changes were most likely to occur; that they should be always watchful of 
(opportunities for determining the true magnetic direction, with reference to their 
compasses, by (d>sorvations of the sun and stars ; and that by providing a place for a 
standard compa^.s aloft, a.s far from the d(‘viating influence of the body of the ship as 
j/ossiblc, they might have guidance sufficient,“with some small allowances, for steering 
a correct magnetic course. With such precautions, Dr. Bcoresby did not doubt that the 
1 difficulties in Tes]»?ct of com])ass guidance, in the navigation of iron ships, might be 
' mainly and pmctically overcome. 

Those remarks and suggestions from an experienced navigator so well acquainted 
' with hi.s subject deserves the scrioiis attention of mariners ; and there is no doubt that, 
j even in wooden ships, such a locality for a standard compass, as he here recommends, 

! would prove of s( rvicc. In iron ships, as suffic iently show'n above, any eompass- 
; ndpisting apparatus, applied at the outset of a voyage, becomes of little or no avail 
j when the vibration and strain of the vessfc> are thus known to change its magnetic 
j condition, and any confidence placed in such adjustments is likely to beget a feeling of 
security, and to allay apprehension, even in situations of the most imminent peril. ^ 
For a full account of Dr. Scoresby 's views, and of those of Mr. Towson, another 
veiy^ competent authority, the reader is referred to “ The Proceedings of the Twenty- 
fourth Meeting of the British Association for the Advancement of Science." 


Note on the Pendulitm Expjeiment.— Page 82, 

The interesting conclusion anived at, at page 82, in reference to the time in which 
i,bo horizontal meridian line performs a complote revolution is rendered somewhat 
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ohmin bfik cMkai «xxar|WliiA tbe small space atf^ur dispcMml here miablcs us teeoxteot. 

A lnsteaa of ** angle of dSflatio&” at line 16, 

- it Shcmld have been ‘'angle at the base ; 
imd^*{a!)/* a little lower down, should be 
or.” general conclusion arriyed at in 
** the text is that the angle of deviation of the 
hortental meridian from its first position, 
is to the corresponding angle of revolution 
of the earih about its axiSf as the sine of the 
latitude of the place is to unity ; that is 

angle of deviation » , , 

— ■ g;— a = sin latitude 

angle of xevolution 

Hence the angle of revolution of the 
earth in any time being represented by 
we have, generally, 

X ^ deviation 

"" sin latitude 

Bo that when the horizontal mendiiiu 
has completed an entire circuit, that is, 
■\^hen the angle of deviation is 360’, we 
have, as in the text 

360’ • • 24 hours . 

X = T -.- , in time. 

Bin lut sm lat 


|| , If ' [r’***Tr f 8 ' article here referred to, the name 

Foucault has been inadvertently spelt 
il J I ® Faucault. 

The ftimcxi'd figure will :^ive a sufficient idea of tlie manner in which the pendulum 
cxpcriineut mny be cxliibil d, 

J. K. ycoa. 



rRACTICAL ASTRONOMY. 


AsTiiONOMY is that science which teaches the distribution and arrangement of tho 
heavenly bodies, their true and apparent motions in space, their magnitude, distance, 
and physical condition; and its history presents some of the most brilliant examples of 
the development of the human mind. 

Astronomy essentially owes its existence as a science, as well as its present 
degree of pcrfeetinii, to continuous observations of tb© heavenly bodies, from the 
first watchings of Ihc Chaldean sbepherd to the refined instrumental measurements of 
the astronomers of the nineteenth century. Ilut if the accumulated observations of 
centuries, which the genius of man would naturaHy endeavour to preserve, had not 
been made subservient for the prediction of recurrences of the same phenomena, Astro- 
nomy would exist only in name, and cease to hold its high position among thp accurate 
sciences. Its course, however, has not always been progressive : it is only within the 
last few centuries that tho errors of antiquity have been completely eradicated. To the 
invention of the telescope, and its application to graduated instruments, we are in a great 
measure indebted for this progress, which, in a physical point of view, it is impossible to 
over*estimate, for it has permitted great and permanent advances to be made in the accu^^ 
rate observations of the heavenly bodies. By the latent improveiaen ts in these instruments, 

^ astronomers have been enabled to note, with an incredible degree of precision, the appii- 
j rent pianos of the fixed stars and planets. In this manner, as the accuracy of obaefTation 
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ANCIENT APPLICATIONS OF ASTRONOMY. 


increased, the errors of the ancient theories exhibited themselves more clearly, and tho 
mind of man has been enabled to explain, on sound and natunl principles, the new 
phenomena which they have revealed. The discovery of the aberratioE of light and of 
the nutation of the earth’s axis, two of the greatest discoveries of any age, have thus I 
resulted, having aSbrded to Dr. Bradley the means of in'^peCSgaling, by aeeltrate observa- 
tion of the planes of the stars, the preceding discovery by Eoemer of the successive 
transmission of which he had determined by observations of the eclipses of 
Jupiter’s satellite. 

The teat <ifnrlhrow of the Ptolemaic system isowing to the same oatise — ^the obser- 
vations ef f^fdho Brahe having furnished means of clearly exhibiting to Kepler the 
errom qI lb elitniar hypothesis, in the same manner as the errors of the Alphonsinc 
tabte, based aim on the Ptolemaic theory, poi^d out to Copemkna the erron of tho 
ancient philol^hy, when it was disco vWed, ab^t the epoch of 1500, that they differed 
mm ^an two degrees of the tfuth. Calculation bas also lelti its aid in reducing to law, 
and in grappling with difficulties, problems which thp happy invention of logarithms have 
rendered accessible, and which in other respects, widiout this assistance, would be almost 
insurmountable. 

We find that, amongst the moat ancient nations of antiquity, the appearance of the 
heavens was attentively watched. And, in the first place, Uiat the motions of the sun 
and moon commanded attention, in regard both to the duties of the husbandman and 
ft appointments for the assemblage of large masses of the people. The £g}^ptiana and 
ICfaaldeans discovered that the motions of these bodies and the planets were all performed 
within a certain compass of the heavens, which was termed the Zodiac ; the names of 
the constellations through which this belt passed having especial reference to the motions j 
of the sun. We also find that eclipses of the sun and moon were recorded with super- j 
stitiouB veneration ; whilst, in connection with the foolish study of judicial astrology, the 1 
positions of the planets, with reference to bright stars, were also carefully noted. The [ 
Egyptians and Chaldeans were acquainted with the time of the revolutions of the moon's j 
nodes, an epoch which they termed the Saros<, which would give them the means of pre- i 
dieting eclipses, recurring, as they naturally would, in the same ei-ns. The Chaldeans 
were also acquainted 'a’ith the lunar-solar period of 600 year's, which Josephus attri- 
buted to the ancient patriarchs, although Pliny cites Hipparchus as its author. Their ! 
primitive observations appear to have consisted in the heliacal rising of bright stars, and i 
probably in the use of the gnomon or sun-dial. 

Thales, of Miletus, in Asia Minor, who had studied tho astronomy of tho Egyptians, j 
is supposed to have predicted, by a knowledge of the period of 685 days, or the Saros, ! 
the famous eclipse which occurred about 685 n.o., and w hich is recorded by Herodotus. ! 

Thales, on his return from Egj’pf? founded the Ionian school (n.c. 640). This school i 
had for its followers Anaximander (n.c. 610), Anaximenes ;n.c. 630), and Anaxagoras 
(b.^c. 500), The first is known by a most useful inrention, viz,, that of geographical 
charts. The others added some fanciful notions, in addition to those of Thales, on the 
construction of the universe ; and they all appear to have believed in tho plurality of 
worlds. The most enlightened disciple of this school, however, was Pythagoras (b.c. 
680), who, having been advised by Thales to travel into Egypt to perfect his studies, 
became initiated in the secret mysteries of the priests in a greater degree than any of his 
predecessors. He founded a school in Italy on his return, where the doctrines of the 
Ionian school wmie promulgated in a grtalor degree. He appears to have been 
acquainted with tho earth’s rotation on its axis, its annual revolution, and its spherical 
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figure, doctrines which, in imitation <|f ik^ Bg5T)tian priests, were kept secret tm the 
multitude. 

But the first approadh to a system^^cf system of astronomy was that of the Alexan- 
drian school, where we find observations carried on regularly, and a theory which, 
though founded in error, rudely satisfied the observations of the period. The most dis- 
tinguished members of this school were Aristarchus of Samos (n.c. 281), Eratosthenes 
of Cyreno (b.c. 276), and Hipparchus of Bythinia (».c. 140). Aristarchus is fionous for 
having made an approximation to the distance of the sun from the earth, by the angular 
I measurement of the distance of the son and moon at the time at which the moon is 
i half illuminated. Having found that the moon's angular distance at ^is period was 
f 87^, he thence concluded that the sun was distant eighteen or twenty times that of 
' the moon. This method, however ingpiiious, ^ils in consequence of ispug^ness of 
' the moon’s surface. By careful observations of the sun's path, he also made an approxi- 
mation to the diameter of this body, which he considered to be ^ whole 

daily motion — ^an observation not very far from the truth. His tract on the magnitude 
and distances of the suu and moon has been preserved. In addition to tha tenets of ' 
the Alexandrian school, he was of opinion that the stars were at distances immemiely i 
greater than the sun, on which account this astronomer must hold a high ranik among ! 
those of antiquity. * j 

EmtostheneB of Gyrene, who lived b.c. 276, is known for a determiamlion of the j 
obliquity of th<' ecliptic, by observations of the altitude of the sun at the summer and *1 
I winter solsticcs—an observation of great valu^*, as showing the progressive diminution i 
; of ^his element when compared with modeiTO observations. He also made an approxi- j 
mation to the mrignitudc of the earth f»n cx*rrcct principles by the measure of the oeles- j 
tial arc, included between Syenc and Alexandria, combined with the known distance ! 


between the two places. ►S3a‘no w^as one of the most southern cities of ancient Egypt, 
where it happened that at the summer solstice the sun was exactly vertical, which he 
determined by the fact that a deep well was wholly illuminated. At Alexandria, which 
was situated in tht3 same meridian, and at the same period of time, the sun's senith dis- 
tance was 7^ 12', (?r one-fiftieth part of the w'liole circumference. The distance of the 
two i>laccp was known to be 5, 000 stadia, whence he concluded that the circumference 
of the earth was 2.i0,000 stadia. The great uncertainty of the length of the stadium 
does not permit ua to make use of this determination, or to compare it with the method 
pursued with more accurate instrumental means by modem astronomers. 

Apollonius of T'Tga deserves also to be mentioned as having invented the system of , 
deferents and epicycles, for the purpose of accounting for the direct, stationary, and 
rotn)grade appearances of the planets. * 

But one of the greatest astronomers of antiquity, Hipparchus (b.c. 140), now , 
appeared, famous alike as an accurate observer and geometer. To this distinguished 
man we are indebted for' the discovery of the ‘‘ preccjssion of the equinoxes.” The 
appearance of a new star led him to form a star catalogue, by a comparison of which 
' wdtH a former catalogue of the same school this important element became evident. 

He was alsf) acquainted with the unequal motion of the sun in its orbit, and the in- 
equality of the solar days. The former he endeavoured to explain by a modification of the 
i preceding system of deferents and epicycles, whichavill be cxj^launed in its proper place* 
The revoUition of the moon^s nodes, and the inclination of its orbit to the ecliptic, 
wore also known to Hipparchus, as well os the eccentricity of the sun's orbit apd the 
motion of the apsides. By a comparison of his observations of the Bun with the 
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former astronomers, he determined the length fof a tropical year. His solar tables 
were held in high estimation by Ptolemy three centuries after their oonstruction. 

Ptolemy (b.c. 130) collected the obsernAicps of the Alexandrian school in his 
Almagest, a work which existed as a text-book among astronomers for centuries. Ho 
fs famous for having discovered the evection of the moen, ‘imperfectly known to Hip- 
parchus ; and by a comparison of observations of eclipses, and at the other parts of the 
moon’s orbit, he empirically determined its amount with a great degree of accuracy. 
He confirmed the value of the precession of the equinoxes, previously discovered by 
Hipparchus. He also proportioned the magnitudes of the deferents and epicycles, 
for the purpose of explaining the planetary motions, which had been previously invented 
by Apollonius and Hipparchus, whence the name of the Ptolemaic System.” In his 
Geography,, he folleoted the longitudes pnd latitudes of all known places. Ho also left 
behind him many other works, testifying to his skill and genius as a philosopher. 

After the death of Ptolemy, the Alexandrian school existed only in name. During 
five centuries the discoveries of Hipparchus and Ptolemy were not extended, and the 
labours of its followers consisted principally in commenting on their works, and in 
noting extraordinary phenomena. 

After the dissolution of ^ the Alexandrian school, the scieneo of astronomy in 
Europe had almost disappeared ; but among the Arabs it bad b£»en cultivated with some 
success under the auspices of the more enlightened caliphs. The Almagest of Ptolemy 
^was translated into their language, and their annals transmit to us many observations of 
the sun, moon, and planets, as well as the measure of a degree of latitude. Among the 
Arabian astronomers, Albategnius deserves honourable mention us an industrious and 
accurate observer. Ho confirmed and corrected the rate of the precession of the equinoxes, 
and also determined the obliquity of the ecliptic, which, from several collateral circum- 
stances, is entitled to g^reat confidence. He also paid considerable attention to the 
theory of the sun, and determined the eccentricity of its orbit with accuracy. He also 
found that the apogee of the sun was subject to a small annual displacement, according 
to the order of the signs, and determined its 4 >o 6 ition at that period to be in the con- 
stellation Gcmirti, which, when compared with the modem elements, docs not differ 
more than 40' from the truth. The astronomy of the Arabians docs not open to us any 
new theories, but is merely an extension of the system of Ptolemy. In the art of 
observation they had, however, improved ; larger instruments and more refined calcu- 
lations had been introduced by them, on which account their investigations are entitled 
to hold a high rank in the history of astronomy. 

After the Persians had thrown off the yoke of the Arabians, Holeg Ilocoukhan, 
one of the Persian sovereigns, founded fin academy of astronomers, where they formed 
new tables based on the Ptolemaic system, with trifling changes in their elements. But 
the greatest praise is due to Ulugh Bcigh, one of their prim es, who was a great patron 
of this science, as well as an observer, and who formed a catalogue of stars, and 
improved the solar and planetary tables. He also determined the obliquity of the 
ecliptic, and the precession of the equinoxes. 

The next epoch of the history of astronomy commences with its revival in Europe, 
when, after the overthrow of the Arabian Empire, it again became cultivated in Spain. 
Alphonso, the tenth king of Gast’lc, collected a body of astronomers at Toledo, and 
having made use of the observations of the Arabians for the purpose of correcting tho 
plane, :^ry motions, published the Alphonsine tables, which are more correct than any 
which preoeeded them in some respects, but tbeir accuracy was not commensurate with 
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tho groat trouble and expenae they oacasioued. The great confusion of the Ptolemaic 

system^ caused Alphonso to say , ** that if he had been consulted at the creation, he 
could have devised a betti^ arrangenj^nf.** In Austria, the study of astronomy was 
cultivated under the auspices of All^ the third duke, and Prederick the second 
emperor. In the 15th cenfury, Purbach, Repiomontanua, and Waltho lived, known as 
assiduous cultivators of this science. Ephemerides of the planets and eclipses were 
published for the meridian of Vienna from 1475 to 1506, by Regiomontanus, who, being 
also an observer, was well acquainted with the errors of the Alphonsino tables, the 
place of Mars being above 2® in error. At this period, the art of measuring time 
received an important improvement by the substitution of clock-work motion for the 
clepsydrae of the ancients, which also increased the accuracy of observations. About 
this period the true system of the universe forced itself on the attention of Copemicusi 

This distinguished astronomer, who saw clearly the errors of the PtSlemaic system, 
and who, after thirty-six ^ears of study, published, in*a dear and connected foicm, the 
present system of tho world, was bom at Thorn in Prussia, in 1473, four years before 
the death of Regiomontanus. The ancient systems of astronomy, as related by Plutarch 
and Cicero, had, by their extreme simplicity, captivated his mind, and to this circum- 
stance we owe his explanation of the celestial motions ; an explanation which, how- 
ever imperfect in several respects, shows his originality. In his system he adopted 
the hypothesis of the earth's rotation on its axis, its annual revolution round the siui, 
in common with the other five known planets, whose distances from the great central » 
body he proportioned. As regards the ** precession of the equinoxes,” ho conceived it 
to arise from a small motion of tho earth's axis. In consequence, however, of his 
ignorance of the elliptical motions of the planets, he was unable totally to abolish the 
system of epicycles. The work which contained his explanations was dedicated to Pope 
I'aul III., and it was owing only to the urgent representations of his scientific firiends, 
that he w'aa induced to publish it in the form of an hypothesis. He had only revised 
the last proof sheet when death put an end to his labours in his seventieth year. 

One of the most important invcntioui^ ever introduced by the genius of man was 
afterwai’ds applit^d to the observations of the heavenly bodies by Galileo. This was the 
telescope, which has enabled the astronomer to overcome the feebleness of his natural 
vision, and to examine leisurely and attentively the physical constitution of the celestial 
bodies. Galileo, an ardent follower of Copernicus, was immediately convinced of the 
truth of the system, when, having observed the phases of Venus, he traced their 
connection to their elongation from the sun, and found that the orbit of this planet 
was included within the earth’s orbit. Galileo also discovered the four satellites of 
Jupiter, and was acquainted with the exifiteude of spots on the sun, from which he con- 
cluded the rotation of that body on its axis. He appears also to have first applied the 
pendulum to the clock. 

The overthrow of the Ptolemaic system followed quickly on the footsteps of Ooper- 
nicuB and Galileo, but not till the new system had encountered much opposition. 
Tycho Brah5, who was born in 1546, is celebrated in having supplied observations of 
greater excellence than any of his predecessors. The cultivation of practical astronomy 
had made but little progress since the time of the Arabs, and the new theory required 
accurate observations to test its correctness. Tyq)io thus paved the way for Kepler to 
make his splendid discoveries. Personally, however, he resisted the Copemican 
theory, and invented an hypothesis of his own, retaining the earth as the cent^ of the 
universe, hut making the sun the centre of tho planetary motions. This system had 
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few adaaireiB ; but the AoourAcy and number oL his planetary abserraiionsi his star 
catalogue, his disooyery of the “ variation** of the moon, and his table of refractions, 
give him a high positioii among the astronotaers of his period. From the planetary 
obeervatioiuB of Mars» the immortal discovery of the elliptic motions of the planets has 
resulted. Kepler pilaoed such oonfidenoo in the observatipnA of Tycho, that he affirmed 
his belief that the true system of the universe might be founded on them. Taking at 
first the Copemican doctrine of a circular hypothesis, he found that a difiercnco of 8' 
existed between the theory and observation of Mars, which difiierencc, from the accu- 
racy of the obaervations, he had no doubt was attributive to on erroneous hypothesis. 
After labour infinitely great, extending over a period of twenty years, he discovered 
his three Umcm laws which serve as the foundation of modern astronomy. Kepler 
appesors ako to have had some notions on gravity ; and he left as well some tracts on 
optics. The laws which he had determined for the sun and planets, were found also 
to extend to the satellites of <fupiter, they having been jhst discovered by Galileo, 
Huygens, and Cassini. 

Among the distinguished men who followed Kepler, mention must bo made of Huy- 
gens, Heveliua, Cassini, and Koemer. The firsts in addition to his optical and mechanical 
improvements, described the ringsurrounding Saturn as well as one of its satellites, and is 
said to haveapplied the pend ulum to clocks — discovery also claimed fur Galileo. He velius 
is known as a persevering observer. But all bis observations were made with the naked 
• eve ; and although he was able to estimate angular spaces by these means to a won- 
aerfnl degree of accuracy, which Dr. Halley confirmed by direct comparison, his obser- 
vations cannot be made use of in any delicate inquiry. His researches on comets, and 
his tables of the sun, rank him in a high position among practical astronomers. Cassini 
formed tables of Jupiter's satellites from observation, and determined the rotation of 
Jupiter and Mars. He also occupied hiiqsclf wiih refractions, and made a theory of the 
libration of the moon, which had been left in an imperfect state by Hovcliiw. Roemer 
is known as the inventor of the transit instrument and meridian circle, with which 
instruments he carried on a series of observatiops of Uie heavenly bodies for several years ; 
but only three days have been preserved, the others having been destroyed in the great 
fire which occurred at Hafnia. Roemer also discovered, by comparison of Cassini’s 
tables of Jupiter’s first satellite, tlie successive transmission of light The discovery of 
universal gravitation by Newton, at the latter end of the seveuteenth century, produced 
a total revolution in astronomy, and enabled its illustrious author to account for the 
previous empirical deductions of Kepler. 

Efinoe the discovery of gravitation by Sir Isaac Newton, astronomy has been much 
advanced by the esiabUsbrnent of obscrvcAoriAs. And iu this respect Fmglaud has great 
reason to bo proud of her position, her astronomers having followed up this immortal 
discovery by a series of observations unexampled for their extent — an object which is 
essentially necessary in order to continue the comparison of theory and observation for the 
correction of the elements of the system. The accuracy of the science has been con- 
siderably increased by the institution of the Royal Observatory at Greenwich, both 
with regard to the eminent men who have directed this establishment, and to the 
continuous mass of observations which it has furnished. Founded by King Charles II., 
in 1675, it has bad to its directorc^ successively Flamsteed, Halley, Bradley, Bliss, 
Maskelyne, Pond, and Air^. ^ * 

Flamsteed is known as the greatest observer of the age in which ho lived. Patronized 
by Sir Joxias Moorcj to whom the foundation of the Greenwich Observatory is due, 
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he carried on for many yean continuous observations of the planets and fixed stan^ and 
contributed materiEdly to furnish Sir fsaao Newton with the bbservatioai on which hi* 
system of the world is baaed. He i|aaf* succeeded by Br. Halley, an astronomer to 
whom we are indebted for^ many useful investigations, but whose provinoe did not so 
much lie in practical astronomy as his predecessor. This distinguished has the 
merit of adding considerably to our knowledge of cometary astronomy and the lunar 
theory. But one of his greatest triumphs, which will always render hk iHustrioua, 
is his proposiUon of determhung the sun’s distance by the trankts of Venus over 
its disc. 

Dr. Bradley, tho next in succession, enriched this scienoe by two important disoo^ 
veries — vis., the aberration of light and more exact knowledge of the nutation of 
the earth’s axis. Distinguished as the most accurate astronomer o^Us^age, he re- 
observed, with better instiuments, all the stars of Flamsteed, as well as the sun, 
moon, and planets, the former of which have been incorporated in the Fun^lfimmta 
AstronomieB of Bessel. His observations of the moon and planets are includad in the 
Greenwich planetary and lunar reductions. 

The same important class of observations was continued by Dr. Maakelyne, from 
1765 to 1811, extending over an interval of forty-six years. Jn addition to other 
important works, this astronomer has tho credit of establishing the Kemticai Ahmnac 
for the use of mariners, and of introducing in that work tabular elemanU for kte im- 
proved method of finding the longitude at sea. ^ * 

On the same regular system have been carried on, at the Eoyal Obeerratoty, obser- 
vjitions of the sun, moon, and planets, uiider the superintendence succ^ively of Mr. 
Pond and Professor Airy, If it were necessary to discuss the importanee of imme- 
diate comparison of theory and observation, it would be merely neoessary to mention 
that the discovery of the planet Neptune has thus resulted— a discovery which, in the 
opinion of all competent judges, deserves to be ranked among tbo most brilUaut tri- 
umphs of the human mind. 

In the field of telescopic research, theTabours of Sir W* Hentcbel de^etvo particular 
mention. His discovery of the planet Uranus and its satellites, os well as hk investi- 
gation on Saturn’s rings — ^liis theory of the motion of the solar system in space and its 
direction, which have been verified recently by severul independent researches, are 
Bufiicient monuments of his skill and industry. 

In France, tho cultivation of practical astronomy in tho eighteenth century was 
well sustained by the celebrafod astronomers Lalande and La Caille, the latter 
having observed the stars of the southern hemisiihero about the epoch 1750, the |jhbli- 
cation and reduction of which have since bceh undertaken by the British Association. 

He is also known as having determined tho comiani of lunar parallax by correspond- 
ing meridional observations at the Cape of Good Hope and at Furopcan stations. 
Besides these important undertakings, ho was an energetic calculator of ephemerides, 
and other useful investigations on refraction, figure of the earth, &c. 

Lalande is known as an industrious and indefatigable observer. His immense cata- 
logue of stars bear sufficient evidence to his unremitting industry for many years. The 
catalogue of stars formed from his observations have been published and reduced by the , 
British Association. i» ^ 

In Sicily, the labours of Piazzi have beeii principally occupied in an extensive cata- 
logue of stars, the epoch of which is the beginning of the present century, and prhioh m 
now one of the standard works of the day. Hia zeal was rewarded by the discovery of 
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Geres among the asteroids, in 1801. The discove^'es of these bodies, during the last ten 
years, are too numerous to be mentioned here. 

The progressive improvements of instrum^bnts during the last oentury have been 
rewarded by increased accuracy of results. At Greenwich, the mural arc of Flamsteed 
is now replaced by the magnificent transit circle ; and l&e aid of galvanism has been 
brought to bear on an essential and delicate element of time— -viz., that of right ascen- 
sions. All these circumstances produce a corresponding improvement in theory. Suc- 
cessive comparisons of theory and observation engage the attention of our analysts, and 
to this we are in a great measure indebted for the important discoveries of the various 
inequalities, which have enriched the science of astronomy. 


. ASTHO^^OMICAL DEFINITIONS. 

Having thus shown how tlie investigating disposition of man has been occupied in 
its endeavour to obtain a more correct and perfect knowledge of the universe, we 
proceed to explain the laws which have been established. 

Astronomy is usually divided into three parts : — 1. Sphemcal Abtbonomy, which 
teaches the knowledge of the various points and circles of the celestial sphere, the 
constellations, the position of the stars with respect to these points and circles, and 
''the phenomena occurring in the sphere of the heavens. 2. Theohetical Astronomy, 
which enables us to determine, from observation, the path of the heavenly bodies. 
3, Physical Astronomy , which gives the laws by which the heavenly bodies are 
regulated, ^teaches how their motions are to be calculated according to the rules of 
mechanics, and combines all that is known of their physical characters. Without the 
formality of so dividing our subject, which our space does not permit, we shall 
endeavour to combine aU the useful and practical portions of the subject. 

In order to facilitate the study of the heavens, artificial representations have been 
made, similar to those of the surface of the earth ; or celestial globes, on wliich the 
stars are depicted m their natural positions, the observer being supposed to bo in the 
centre, viewing them in the concave surface. 

To represent the apparent diurnal motion of the heavenly bodies, the celestial 
globe must be turned from east to west. 

Clxclea. — To designate with precision the situation of the sun, moon, and stars, 
ima^nary circles have been considered as drawn in tffe heavens, most of which coi - 
respond to, and are in the same plane with, similar circles supposed to bo drawn for 
gimiliir purposes on the surface of the earth. If a line he drawn on the sp^ierc (Fig. 
2) of the earth P Q, the plane cuts the surface of the sphere, and forms a great 
circle E jE^ which is the celestial equator, the sphere being divided in this circle into 
two hemi^heres, in which one of the poles forms a central position ; theso form the 
northern and southern hemispheres. 

A plkne is that which has surface, but not thickness. The plane of a circle is that 
imaginary surface which the circle bounds. 

The axis of the earth, P Q,- is an imaginary line passing through its centre, north 
and south, about which i^ diurnal ra/olution is performed ; the poles of the earth are 
the two extremities of the axis, where it is supposed to cut the surface. 'The axis of 
the hearens is the earth's axis produced both ways to the concave of the sky ; the 
poles of the heavens are two imaginary points exactly above the terrestrial poles. 

l i ia u . .. ,1^ ■ .1. .1 — . - - - 
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Orcat circles are those^ wliioh divide .the globe into two e^ual parts, as the equator, 
the ecliptic, and the colures. H ^ 8 S, and T T (Fig. 1) are small circles which 
divide the globe into two unequil *parts, as the 
tropics, polar circles, and parallels of latitude. 

Every circle is supposed* to be divided* into 360 
equal parts or degrees. A degree is further subdi- 
vided into 60 equal parts or minutes ; and a minute 
into 60 seconds. Degrees are marked % minutes 
seconds The space included by a degree of a great 
circle in the heavens, is equal to nearly twice the 
apparent diameter of the sun and moon, when con- 
siderably above the horizon. • 

The equator of the ^ earth, E E (Fig. 1), is ai^ 

II. imaginary' great circle passing round the globe, east 
and west, everywhere equidistant from the poles, 
dividing it into northern and southern hemispheres. The equator of the heavens, or 
the equinoctial, is the plane of the terrestrial equator extended to the concave surface 
of the heavens, and called the equinoctial, because, when the sun appease in it. the 
days and nights arc equal all over the world. * 

The Scliptic is the via soUsy or sun’s path, the great circle which he appears 
annually to describe among the fixed stars ; though, more properly, it is*the track whiqh* 
the earth actually describes among the stars, as][vicwed from the sun. The ecliptic is so 
called, because solar and lunar eclipses only can happen when the moon is in or very 
near this circle. It cuts the equinoctial obliquely at two opposite points, making an 
angle with it of 23j®, which is called tho obliquity of the ecliptic. One half lies on 
the north side of the equinoctial ; the other half on the south side. The points of 
crossing aro th(‘ equinoctial points. A zone or girdle extending S'* on each side of the 
ecliptic, or 16^ in breadth, is the zodiac, in which are the orbits of all the planets, with 
the exception "f three of the asteroids, ^he ecliptic and zodiac are divided into twelve 
equal parts, called signs, each containing 30 \ Their names, with the days on which 
the sun entem them, are as follows : — 


I 



Flg.U 


Northern signs, being north of the equinoctial. 


Spring 

Aries, thcKnm, March 21. 
Taurus, the Bull, April 19. 
Gemini, tlie Twins, May 20. 


SummerlSipns, 
Cancer, the Crab, June 2, 
Leo, the Lion, July 2. 

Virgo, tho Virgin, August 22. 


Southern signs, being south of the equinoctial. 


Autumnal Signs, 

Libra, the Balance, Sept. 23. 
Scorpio, the Scorpion, Oct. 23. 
Sagittarius, the Archer, Nov. 22. 


Winter Signs. 
Capricomus, the Goat, Dec. 21. 
Aquarius, the Water-bearer, Jan. 20. 
Pisces, the Fishes, Feb. 19. 


The Celiures ore two great circles passing through the poles of the heavens, 
dividing the ecliptic into four equal parts, and marking the seasons of the year. 

One passes through tlie equinoctial points, .Aeies and Libra, and is therefore called 
tho equinostiol oolurc. When the sun is m either of these points, the days and nij^ts 
on every part of the globe are equal to each other. The other passes thrqijagh the 
solstitial points, Cancer and Capricorn, which mark the sun’s greatest declination, north 
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and aoutb of tbe equator, and ia thence called the ^atitial oolure. When the sun k in 
or near these points, his meridian altitude undergws scarcely any sensible variation for 
several days ; and hence the term solstitial applied to them. 

Tke Kovlson is a great circle, whose plane passing through the centre the earth, 
and extended to the sphere of the fixed stara, divides the heavens into two hemispheres, ! 
of which the upper is the visible, and the lower the invisible hemisphere. This is the , 
rational or true horizon, which determiues the lising and setting of the sun^ planets, and ' 
stars. It is I'^esented by the wooden horizon of the artificial globe. The sensible or 
apparent horizon k the circle which bounds our view, where the land or water and sky 
seem to touch each other, more or less extensive according to the position of an observer. 

The eeneiMe horizon of a pt'rsuu changes as he moves, and in an open country enlarges 
or contracts hjf station is high or low. Standing on a plain, the eye having an eleva- 
tion of d feet above the surface, the radius of tho sensible horizon will be less than 2) | 
miles. At an elevation of 6 feet it will be just 3 miles. I 

Eule, to find the distance w'hen the height is known— Increase the height in fedt one | 
half, and extract the square root for the distance in miles. 

Thus, in the x)reeeding caso the eye is supposed to have an elevation of 6 feet above 
the surface of a plain, and 6 with its half is 9, tho square root of which is 3, which gives 
the distance in mi^es which a person will be able to see in a right line upon that surface. | 
Again— a tower, 32 yards above the level of the ocean, may be seen along that level ! 
wipm a distance of 12 miles. For 32 yards = 90 feet, increased one half = 144, the i 
square root of which k 12. } 

The poles of the horizon arc the zenith and the nadir. The zenith is the point I 
in the heavens which is directly over our heads ; the nadir that v^hich is exactly j 
under our ftot The zenith to us is the nadir to cmr antipodes, and the nadir , 
to us is their zenith. Circles drawn through the zenith and nadir of any place, , 
cutting the horizon at right angles, arc called azimuth or vertical circles , and that 
which passes thi'ougb the east and west points of the horizon, is tlie prime vertical. 

Kwxidiasiz are imagiiiatyr great circles passing through the terrestrial and celestial 
poles, cutting the equator and equinoctial at right angles. | 

A meridian is supposed to pass through cvciy place on the earth, and every point | 
in the heavens, but only 24 are drawn on the globes through every 15 '’ of the equator i 
and equinoctial, including altogether 3(l()\ These metidians mark the space whieii, j 
in consequence of tho eai*th’s diurnal rotation, the heavenly bodies appear to describe ! 
every hour through the 24 in the day. They arc sometimes called, therefore, himr > 
or horary circles. As lo"* answer to an hour, 1 answers to four minutes of time, .J to 1 
two minutes, and \ to one minute. ‘ ' 

longitude on the cartli is distance east or west from a fixed meridian measured on ^ 
iho equator. Tho Fortunate Islands, supposed to be the Canaries, supplied the j 
ancients with their first mcridiaii. The western extremity of Africa, as then known, '* 
was taken by Ahulfeda, the Arabian ffeographer. Tht' meridian of Terceira was used 
by the Spanish and Poitugucse in the sixteenth century; and that of Ferro by all ' 
nations in the seventeenth and eighteenth centuries. Wo now adopt the niciidion of [ 
the Greenwich, and the French that of the Park, observatories. | 

Longitude iu the heav^ens is distimcc east from the groat meridian which passes 
through the flmt point of Aries, or the equinoctial colure, measured on the ocliptic. 
Right ascension k distance east from the same meridian measured on tho : 

, equinoctial, I 
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Terrestrial longitade being reokcmed in two directions firom a fixed point) east and 
west) can only extend to ISO**. Cinestial longitude) and right ascension) are only 
reckoned in one direction) east from |the prime meridian) and maj) therefore) extend 
to 360". 

VaxallelN of latitude ere small circles supposed to be drawn on the surface of 
the earth) north and south of the equator, anA parallel to it, diyiding the globe into two 
unequal parts. Let us suppose A (Fig. 2) to be placed under consideration) and P, 
£) Q) £* its meridian, £ £* the line intersecting 
the equator, and P Q the line of the poles, it is 
here the arc A £, or, which is the same thing, 
the angle A) 0, E, which represents the latitude 
sought P) 0) £ being a right angle, the lati- 
tude is the complement of the angle A, 0, P ; 
but the angle A, 0, P, is ^nly another thing for 
the zenith distance Z, A^ P, of the pole of the 
celestial sphere. For to an obserrer placed 
at A) F Q is a parallel to the earth's axis ; 
the latitude of the point A then is the com- 
plement of the zenith distance from the pole at 
that point) to the height P', A, H of the pole 
above the horizon, A H being equal to the distance 
Z, A, P. "We can, therefore, say that the latil ude 
of a place is equal to the height of the pole above 
the horizon of that place. Parallels of declination 
are such circles produced in the heavens, north 
and south of the equinoctial, and parallel to it. 

Latitude on the earth is the distance of a place from the equator, measured on a 
meridian, north or south. 

HecUiuiitioii is the distance of the hnaTcnly bodies from the equinoctial, measured 
on a meridian^ north or south. 

Latitude in the heavens is dfltanoe from the ecliptic, at a right angle, north or south. 

Terrestrial latitude and declination may extend to ^0'^. The sun has no declination 
when in the equinoctial. His greatest domination is 23^" north or south. He has no 
latitude, being always in the ecliptic. The greatest declination of a planet is 30^*^, and 
latitude 8^ north or south, with Uie exception of the asteroids. It is more convenient 
to describe the positioci of the heavenly bodies by their declination and right ascension, 
than by their imitude and longitude, the foifber corresponding to terrestrial latitude 
and longitude. 

The Tkefiic of Chunoex is a small mrcle 23J" north of the equator, and parallel 
to it ; and the tropic of Capricorn is a similar circle, at the same distance, on the south. 
The polar circles are also small circles, each 664" from the equator, and at the same dis- 
tance from the poles as the tropics from the equator. 

The tropics on the celestial sphere mark the limits of the sun's farthest declination 
north and south. 

The tropics on the teiTcstrial sphere divide thf torrid from the two temperate zones, 
and the polgr circles divide the temperate from the two frigid zones. 

S<Mniea. — Twice in the year the sun is vertical to those who dwell in the tcnjd zone. 
Consequently, at noon they deflect no shadow, i*ud are hence styled mcan^sha- 


Fig. 3. 


ASTBONOMICAL DEFINITIONS. 


dowless. At other times their shadows fail at noon, north or south, according as the 
sun is north or south of them. They are thCn called amphimiy signifying that 
their shadows fall both ways. * • ^ 

The variation in the temperature has led to the division of the earth into 
zones; between the latitude 66' 32" north and south. ^ The sun rises and sets every 
day. In all higher latitudes, however, there are certain periods of the year when 
the sun never rises, and others where it never sets. The two parallels of latitude 
A A, B ^ (Fig. 3), which correspond to the latitude 66' 32", divide the surface of 
p , the earth iu three parts. The two zones at 

® A P A', B Q B' are called the frozen zones. The 

circles A A', B B' are the polar circles, or arctic 
, pole, while the other is the antarctic circle ; in 
t£e points between these two are the several 
zones, in which the suo sets and rises daily. 

Those who dwell in the temperate zones have 
their shadows at noon always cast towards the 
north in the north temperate zone, and towards 
) the south in the south temperate zone. They 
are styled heterosciiy meaning, that they have 
their slxadows at noon, either north or south. 
The inhabitants of the frigid zones are 
Q caUed pei'isdly signifying, a shadow turning 

about, as, during a revolution of the earth on 
its axis, their shadows are projected towards every point of the compass. 

■The Disc of a planet is its apparent face, seemingly perfectly flat though spherical 
bodies. The planets exhibit ^ ^ 

discs as seen with the telescope. 

The diameter of the disc of the 
sun and moon is considered to be 
divided into twelve parts, called 
digits. 

The Orbit of a planet is the i 
path described by it in revolution 
ronnd the sun. ‘ 

The Thine of a planet's 
orbit is an imaginary surface 
cutting through the centre of 
the sun and the planet, and 
reaching out to the stars. 

Figure 4 shows the plane 
of the earth's orbit. The stars 
to which it extends form the 
constellations of the zodiac. The 
circle A, B, G, B, is the ecliptic, 
the sun's place in the heavens, ** 

as seen from the earth, and the carth^s place as seen from tlie sun. 

The Inclination of the orbit of a planet is its plane referred to the plane of the 
earth's Wbit, to which it is inclined. 
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If we suppose the shaded part of tho diagram to be a surface of water, a ring or 
hoop held inclined so as to he half iAmerscd will describe the relation of the plBnetary 
orbits to that of the earth. They ax| all inclined towards it, one half being below and 
the other half aboye it. The angle of inclination varies, but exhibits at the greatest 
only a slight divergence, * 

Mercury ... 7“ 0' 9" Jopitcr .... IMS' 51" 

Venus .... 3 23 28 Saturn .... 2 29 35 | 

Mars .... 1 51 6 Uranus .... 0 4G 28 

The Nodes of a planet are the two opposite points where its orbit appears to cut 
the orbit of the earth, or the ecliptic. Where the planet appears to rise above the orbit 
of the earth it is called the ascending node ; the opposite point, where it appears to go 
below it, is called the descending node. , . 

Conjunction and Opposition are terms ased to denote certain situations of the 
plauots with respect to tfie sun and to each other. • 

A planet directly between the earth and the sun is said to be in inferior conjunction j 
with tlic sun. This can only take place in the case of Mercury and Venus, hut along 
with them the earth may be in inferior conjunction with the sun to Mars, and with 
Mars to Jupiter, d:c- 

A planet with the sun directly between it and the eai th is said to bc in superior 
conjunction with the sun. The terms inferior and superior refer to ^6 smaller or 
greater distance of the planet from the earth. ^ 

A planet with the earth directly Ivetwcon it and the sun is said to be in opposition. 

< this can never take place in tho 
^,asc of Mercury and Venus, j 
whose orbits arc included in that 
of the earth. 

Planets are said to be in con- 
junction with each other when 
they arc in the same sign and 
degree. This is a common oc- 
currence in the case of two*; 
but the very rare phenomenon of 
MiTcury, Venus, Mars, J upiter, 
and Saturn, being in conjunc- 
tion between the wheat car of 
\urgo and Libra, took place Sep- 
tember 15, 1186. It will be ages 
before they cluster again in that 
part of the heavens. Venue, 

Jupiter, and tho moon, were in 
conjunction in Leo when the 
peace of 1801 was proclaimed. 

A telescope view of the conjunction of Venus and Saturn, on Dec. 19, 1845, is annexed. 

Tho aspect of the planets^to each other is said to be sextile, when they are two signs 
apart, tho sixth part of the zodiac ; quartile, v#ien they are three signs distant, tho 
fourth past of the zodiac ; trine, when they arc four signs distant, the third of the 
zodiac; and in opposition, when they are six figns, or half the zodiac, fjom each 
other. 
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A.pogM is that ^oint of tho moon or a planot’s orbit -which is farthest from the 
earth. T 

Veiigea is that Vhich is nearest. ( 

Aphelion is that ]>omt of the orbit of the earth, or of any planet and eomet, -which 
is farthest the sun. 

Vosihielion is that -which is nearest. A straight-line joining the points of aphelion 
and perihelion, is called the line of the apsides. 

Cnlmiiiatlon is the act of coming to the meridian in the cose of any star or 
planet, when it attains on any given day its greatest altitude in the heavens. 

Bnily Aocoloxation is the interval of time that the stars rise, culminate, and 
set, sooner evt^ry succeeding day than on the one preceding. It amounts to about four 
minutes dallv, or, two hours a month. 

AotaUoii. — Besides the apparent diurnal motion of the stars caused by^the eartii’s 
rotatior\ upon its axis, they appear to have a motion westwa^, in consequence of the 
earth’s orbital course eastward. They gain, therefore, on the sun, rising, culminating, 
and setting sooner, day after day. I'hus those stars and constellations that on any 
given evening rise at ten o’clock, -will, at the same hour, a month afterwards, be 30'' 
above the horizon ; and three months afterwards, they will be advanced over our heads ; 
and six months afterwards be setting in the west, having accomplished half of their 
apparent annual revolution. 

c Hence the same constellations arc not always visible to ns througb the year. Some, 
not visible before, successively rise to view in the east, while others sink in the -ivest 
and are not seen again, until, having passed through the lo-wer hemisphere, they 
reappear in the east. > 

iui 4 8ettins< — Oosmical, aieliroiiieal, and heliacal rising and sotting of ! 
6te atars and planets, are pbrases of the old poets, who spoke of the phenomena in ! 
nsISeiiwncc to the rising and setting of the sim. A star or planet riring and setting . 
with the sun was said to rise and set cosmicaliy. A star or planet rising at sunset, | 
or setting at sunrise, was said to rise and set acbronically. A star or planet appearing } 
a little before the sun, in the morning, after having been so near him as to be hid by i 
his effulgence, was said to rise heliacally, and to set heliacally' when it ceased to 
be -visible after him in the evening, on account of its proximity to his orb. 

Api^es&t Bolav Huy is the time included between tlic centre of the sun leaving • 
the meridiau uf any place to its return to the same meridian again. 

It varies continually in length, owing to the un'iqual motion of the earth in its i 
dibit, and the obliquity of the ecliptic, being sometimes more and sometimes less i 
twenty-four bours. The greatesf variation occurs about Nov. 1, when tin* i 
aolir day is Iff IT" leas than twenty-four hours, as shown by a well-regulated ! 
' dodk. ' 

j the time which would elapse between consecutive returns of 
the SUN to the meridian of any place, if movlwg in the plane of the equator u itb an 
equable motion. It is the mean of the true solar days throughout the year, and 
consists of twenty-four hours as mea-siired by a time-piece, which, on some days of 
the year, is as much faster than the sun-dial, as on other days the sun-dial is faster 
than tlie time-piece. I 

Siderad 2>ay is the time which elapses between consecutive returns of any fixed j 
stars to the same meridian, or, in other words, the period which the earth takes to ! 
accomplish one rotation on its axis. This period is unvarying and immutable — I 
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; — — .i ,, 

23 hours, 56 minutes, 4 seoonds — which would alw^ays be the length of the solat! day, 
if the earth stood still in space, andfcnly turned upon its axis. 

In comparison with the immensl distance of the stars, the diameter of the earth's 
orbit is but a point; and, eonacqucntly, in relation to them the diurnal rotation is per- 
formed precisely the same’as^f our globe had no translation in space. This is net the 
case in relation to the san, a nearer neighbour ; and owing to the earth's change of 
place, somewhat more than one diurnal reyolution, or twenty -four hours, is required to 
bring the sun round again to the same meridian. 

Astaononaical Bny is reckoned from noon to noon ; and, consisting of the same 
length of twenty-four hours in all latitudes, is called a natural day. 

Aatifloiml is the time between sunrise and sunset, and yaries with the 
latitude of places. ^ 

Solax oz Tzopieal Teaz is the time which tlm earth takes ha iWisg in its 
orbit, or apparently thc*sun in the ecliptic, from dlo equinox or tropic to same 
I again, consisting of 365 days, 5 hours, 48 minutes, 49 seconds* 

I Tcaz is the tame occupied by the earth in moying in its ('>/' 

! apparently the sun in the ediptic, from a determinate point in relathiii to any hxed 
' star to the same point again, and consists of 365 daya, 6 hours, 9 auniitie% 12 i 




ON THE EARTH. 


TfHB earth, ’which to the eye of its inhabitants appears an immense plane, stretching 
out to an indefinite extent in all directions, is, by a variety of circumstances appealing 
to our reason and our senses, shown to be of a spherical form. 

On the Figure of the Earth. — The notions of the ancients on the hgurc of the 
earth ’were very uncertain and vague. Xcnopiianes, 'who lived 500 or 600 years before 
the Christian era, supposed the earth to he a plane of indefinite extent, -whose founda- 
tions were infinite in depth. There appears to have been a great repugnance to admit 
that a planet could remain suspended in the air as the earth is; but as science progressed, 
and the art of observation became more certain,’ the ancient astronomers became w'ell 
acquainted with its spherical figure. The shadow of the earth, projected by the moon 
in an eclipse of that body, clearly demonstrated its spherical form ; and, on the other 
hand, the measures of its circumference,* which the Grc^sii and Arabian astronomers 
have recorded, indicate clearly that, when reduced to a common modulus, their agree- 
ment is sufficiently striking to show* that they possessed some knowledge of its dimen- 
sions. , The natural pride of man, however, placed it in the centre of the universe ; and 
according to' the doctrines of the Ionian school, the solid crystalline orb, to which the 
stars were supposed to be attached, revolved around it in the space of 24 hours. The 
celebrated Aristotle, whose philosophy reigned for many centuries, was of this opinion, 
but he supposed that the motioni^ of the sun, moon, and planets were performed with 
solid heaven^ hut at a nearer distance; and to explain their proper motions, he con- 
sidered that a presiding geliius was placed in each planet. 

The usual arguments brought forward in favour of the spherical figure 6f the earth, 
I are, tbit navigators sail around it, setting out in an easterly, and returning in a 
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westerly directum ; but a happy mtt|tratioii is given in the appeaiaaee voMel^ais ^ 
approaohee the shoret or in leaving snarbonr, or a tuooeation of steam-veaMds at .eea^'aa 
shown in our engraving. In the fii|b case, we see at a distance the nj^r <rf the 
vessel, and gradually the lower parts, till foully the hull ; the most oonapioitdhs parts 
of the vessel, in other oiroumstanoes, appear from beneath the waters. In the case' of 
leaving a. har- 
bour, the con- 
trary appeaance 
takes place. 

These appear- 
ances arise from 

the convexity of the water between the eye gnd the object ; for if spifoce of the 
sea were a dead level, the largest objects would be visible the longest. 

Other arguments are* adduced : — Upon the bosom of the ocean, or in the midst 
of an extensive plain, the boundary of vision is a well-defined circle, and .this 
circular horisoic is a certain indication of the circular figure of the body to which it 
relates. 

Navigators proceeding in the same general direction, east or west, have arrived at 
the same point from whence they have started. This enterprise, now so oornmoa, was 
first undertaken by Ferdinand Magellan, who sailed westerly from Seville, in Spain, 
August 10, 1519, passed the extremity of the South American continent, entered 
Pacific, reached the Philippine islands, where ho was killed in a skirmirii, but one of 
bia^bips arrived at St Lucar, near Seville, September 7tb, 1522. 

Voyages of circumnavigation demonstrate the convexity of the earth, east or west, 
or that its form must be either globular or cylindrical. The convexity of the surfaco 
north and south, is shown by the gradual declination and rise of the north and south 
circumpolar stars as the equator is approached and receded from, which proves the 
figure of the earth not to bo that of a cylinder but of a sphere. 

Though spherical, like the other planets whose round discs are defined by the 
telescope, yet the earth is not a perfect sphere, whose circumference is everywhere at 
an equal <^8tanco from the centre. It is more convex within the tropics than towards 
the poles, the equatorial diameter being longer than the polar ; so that its general shape 
is that of an oblate spheroid, bulging out in tlic middle and flattened at the two oppo- 
site sides. 

This proposition of Newton, the result alone of theory, has been amply confirmed 
by accurate measurements conducted by the most eminent mathematicians in various 
places, from the equator to tie polar circle.* He conceived that the velocity of the 
earth's daily rotation upon its axis being tho greatest at the equator, the consequent 
greater action there ot the centrifugal force would produce a bulging out of the surface in 
the equatorial regions, and a flattening at the poles. But as one of the first fundamental 
principles of astronomy consists in an accurate determination of the figure and dimensions 
of the earth, we shall briefly describe tho methods adopted by astronomers for this pur- 
pose. The problem requires that all our operations must be carried on at the surface, as 
we cannotremovo ourselves from the earth. In shifting our positions on tho surface, we 
will take as a point of reference the successive appea-finces of the fixed stars. These bodies 
are so immensely distant, that at all positions on the earth tbo rays emitted by them 
may be considered as parallel. If we shift our latitude 10® more southerly, other pbjects 
invisible at the former station will come under our notice near the south horizon, 
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whilst those sear the north hoiizon will Taatish from our view. If the difference of 
distance on the same pacalld ef longititde he mWenred to produce a change of 10” in 
the appuent altitude of estar, we shall find, roi|ghly peaking) that for this Toriatioii 
there w^ he a oone^OBdSng diatanoe on the earth's surface of Beady 605 miles. And 
this is the prihcipla on. which the first reoosided attempt e4one of the ancient astronomers 
.was founded. 

Hodhen rndMomsimprcMieinias the asme piaiieifie aav muxe accurate manner, and 
with ewery pesmHe precaxctxon to insure a correct rsanJh. £s: England the first mea- 
snremmrt oCa* diggWB was that by Norwood, in length at the mean 

ladtndis? of lEmsi^ as# Tea#:, or 52” 45^, efoel Hb^ feet, or 69 miles 

280 yardis. This determination, however, is not entitled to mtnffr weight, as it appears 
that his latilnd^s were obtained by the golstitial zenith distances of the sun oh^rved 
} with a five-feet sextant, and it is feared, from other circumstances, that he was not 
sufficiently oareful in his reductions to the meridian. Snell, Tioard, and Cassini deter- 
mined the length of a degree of latitude with a considerable accordance. It does not, 
however, appear that the deviation of the earth from a strictly spherical form was 
noticed till 1672, when Picard found that the pendulum of his transit clock, which 
heat seconds at Paris, required to bo made shorter to beat second^ at the station at the 
island of Cayenne (Lat. 4^® N.). This deviation of the earth from a spherical form was 
that which Newton and Huygens predicted, from the theoretical considerations of a 
• ^evolving body, would be the case. But it is not from theoretical considerations alone 
that the form of the earth is adduced. In 1735, the French Academy fitted out an 
expedition for the purpose of determining its figure, with better instruments and methods 
than had been previously in use. Their proceedings became celebrated for the addi- 
tions made to our astronomical knowledge. One of the stations fixed upon was near 
the equator at Pern, under the direction of Bouguer ; the other at Lapland, under ( 
the superintendence of Mauperftus, Clairault, and other celebrated men. All the mea- j 
sures taken by these astronomers denoted a decided ellipticity, but stiU the observa- j 
tions were not'sufficiently numerous to infer Jfs amount. At the Cape of Good Hope, 
in latitude 33” 18' south, the celebrated La Caille measured an arc of tbo meridian; 
and in North America, in the plains of Pennsylvania, near the Allegheny Mountains, 
Mason and Dixon also measured a degree of the meridian in north latitude 39® 12'. 

In Italy we have two measures of degrees — the first we owe to Boscovid and Le 
Maire, the other to Bcccaria. 

The surveys underteken in places near the neighbourhood of mountains are very 
often affiseted by the attractions of those mcontains. Thus, in the South American 
surveys the attraction of the Chimhofazo Mountains ‘affected the deviation of the 
plumb-line by a quantity equal to 7^". In latter times, in a survey undertaken by 
Plana and Costini, in Italy, the plumb-line was affected in a very pereoptible manner, 
so much SO' that the resulting value of 1® in measure was 674 toises too largo, from the 
known eZHpticity of the earth deduced firom a combination of observations at France 
and Peru. From all recorded measures, the length of a degreo was greatest at the poles, 
and diminished gradually at the equator. If we lay down graphically the length of a 
degree from the different observations, we shall find that the intersections of those 
radii will form a curvei which will \ liffcr from the centre of the sphere in the following 
manner i— At the pole, the intersection or radius will touch the flyis j it will afterwards 
recede, from it, the convexity being averted to the polar axis ; till, finally, at the equator 
it will he perpendicular to liiat at titio poles. The curve thus traced is termed the evolute. 
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la the aafiexed (Fig* 6)^ P Q and-FF are the miaoir aadmi^r cmes of the 6Ui^;>floid 

of xerolutio&>; aad m m are aHLmreiDetttfl of a degree of latitttde at the equator 

afid the pole, which show that a. )f«ger arc, ^ 

nn\ is required at the latter le lorm an 

equivalent angle (deduced fbogk observation^ of \ ‘ 

stars) than at the equator. The effect of this \ i \ ^ 

flattening er oompressifm is \ ‘ \ 

The practioal method, then, of determining s - V V ' 4 »» 

the length of a degree at the different positions \ vl / 

of the earths surface ii> to find^ flrst of all, the \ \ / 

angle included between the verticals of the s' 

two stations, by the differences of zenith dis- — L..,—- 

tances of certain selected stars^ This is per- Fig 5 

formed by means of a zChith sector, the stars ^ 

being chosen near the zenith, in order to eliminate any uncertainty with regard to 
atmospherical refraction. But the adjustments of a zenith sector essentially depend on 
^ the accurate verticality of the plumb- 

C which has been, as already stated. 

^ considerably affected by the attraction 

^ of neighbouring moiuitaiiis. In Fig. 

. ' \ // 6, C M A is a surface of the earth, ^ 

' y A / / M a mountain, A B the direcUon of 

1 \ \ D’ B ^ ■ • the plumb-line if the mountain |did 

not exist, A B' the observed direction 
of the plumb-line. In a similar’ man- 
ner, C D should he the real direction of the plumb-line, and C D" the observed direction of 
the plumb-line. The effect of this attraction will be easily seen to affect obsen'^ations 
by the zenith sector,, and we may infer, from this circumstance, that the irreconcilable 
differences in the*results of some surveys ,{iave been thus occasioned. 

The measurement of the distance between the two stations, extending the whole 
length of a langdom, is effected by a scries of Irianguktions 4 

in following manner : — lu tlic figure (Fig. 7), the length /S. 

of the meridian A r is required ; and for this purpose we / \ 

select certain stations A, B, C, D, &c., as clock-towcrs or / \ 

elevated objects. C^>ncoive these to be joined as in the figure, ' B ^ \ 

and thus to form a series of mangles, as A B C, B C D, \ — -A « 

C D E, &c. ■» \ L^-^l 

If we know all the sides and all the angles of these different ^ I 

triangles, as well as the angle formed with the meridian A m ??, / \ 'x. 

with the side A B, we can conclude easily the lengths of the / ^ 
different parts, A m, m «, n p, of this meridian. In fact, in the / ^ V / 

triangle A B w we know the side A B, and the two adjacent / \ / 

angles A B ?/i, B A w, whence we can readily find the side A m, q t-.— \ / 
which forms the first portion of the meridian, as W’cll as B ^ 

and the angle B m A. In the triangle m C n wo thi^^w the side ' ’ 

C m, which is the difference hetw’een B 0 and B 7/^, and the two adjacent angles 
m C 71 , C m w, the second being equal to B m A, previously determined, We prrire 
at the some conclusion with the side m which forrr^ the second portion of the meridian. 
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and at the same time the aide G «», and the angle C ft ei. In the same manner the 
triangle D ft ^ will show us the thii^ part of thelDneridian, and by this proceeding we 
r .. hire determined all the parts of the 

meridian of the point A. 

But we do not require a measurement 
of all the sides— it will be necessary only 
1 y\ measure a certain part termed the 

g. X \ hoH, Suppose that the side A B be the 

/ \ part measured, then the triangle ABC 

^ X \ is entirely Icnown, since we know one 

X \ side and the three angles, and we can 

» ^ X t \ the lengths of the two sides, A C, 

X ^ \ B G. In the same manner, the know- 

^ ledge of the tfiree angles of the triangle 
~ BCD, and of the side B C, that we 

I X. / permits the determination of the 

/ N. / length of each of the two sides B D and 

/ / CD; and proceeding in this manner, 

/ Nv / we find all the sides and angles of all the 

/ triangles as well as if we had measured 

t / / these lines directly. 

In determining an arc of the meri- 
/\ know well the point of depar- 

I know where the 

I \ ^ second extremity is situated. Wo can 

* V X jg true, after having determined 

yK'Tnalt^lns^ conformably to wbat precedes, the length 

/ \ of the portion F r of the side F G, by 

X \ '■ measuring the distance F r ; but besides 

X \ that this often presents great practical 

X \ difficulties, it will frequently happen that 

\ the point r would not be favourably 

I \ placed for erecting an instrument such 

1 ^ repeating circle or theodolite. We 

I yy have also sometimes occasion to know 

I / the latitude of the point r, as well as 

I / *■ that of the point A, in order to deduce 

I the angle included between the verticals 

S / drawn through the two points. To 

^ 2 / attain this, we observe the latitudes of 

jitOuvim^K St j the two extremities F G of the side on 

\ « / which the ^int r is situated ; we can 

\ / easily co^ute the latitude of the point 

\ / r, by the knowledge that wo have ascer- 

‘*^*^**1 amuitd^ tained of the distances comprised be- 

Me..uTcmMit<)fthi.AroofaMeridi*mnFr.nc. t'^ecn tti« point r and the two points 

r F G. Having the length of the line 

F A, relatively to the dimensions of the earth, we can admit that in going from j 
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F to 0, along the line F G, the 
oyer on this line. 

WeridlaA of Fn»e0.— One 

ridian waa that performed aj the et 
Delambre and Mdohain. arc which they measured took its departure at Dun- 

kirk and across France at its greatest length, tenmnating in Bpain, near Barcelona, 
the Pantheon at Paris forming the summit level. Part of this survey is contained in 
the preceding figure ; the base line, on which the success of the whole measurement 
depends, was measured with every 'possible precaution by means of rods of plati- 
num, and was found to be 6075*98 metres. The angles of the triangles were measured 
by means of the repeating circle, and the lengths of the different sides of the triangles 
were successively determined by the method before mentioned. , 

In order to have some ^independent check on the resplt, a second base was measured 
near Perpignan, that is, near the southern extremity of the series of triangles. The 
length of this second base, reduced to the level of the sea, was found to be 6006*25 
metres. In comparing the length thus obtained to that of this same base, deduced finm 
the successive calculations, we have not found a greater difference between the two 
results than 10 inches 8 lines (cent, metres, 288). So small a difference on a length of 
more than 6000 toises is surprising, especially when we consider the immense dis- 
tance which separates the base of Melun and Perpignan, a distance of more than 
450,000 toises. This certainly shows that the operations had been executed with greats 
care. 

*l'hp results arrived at by these measurements showed at once that the value of a 
degree was different at the equator and the poles, being least at the equator and 
greatest near the poles. 

From a judicious combination of the observations at all the stations, Bessel deduces 
the following elements of the earth’s figure : — 

Equatorial diameter, 41847199*9966 feet,' or 7925*606 miles. 
Polardiametcr . . . 41707814*3324 feet, or 7399*113 miles. 

Which shows an ellipticity of 

The following are the principal results on w’hich the above elements are founded, 
viz : — 


l^ame of Place. 

Mean Latitude. 

Length of .a De^ee 
English feet 

Peru . 

V 3r 1" 

362,808 

India . 

12" 32’ 21" 

363,013 

France and Spain . 

46" 8’ »6" 

364,649 

England 

52" 2' 20" 

364,914 

Lapland 

66" 20’ 10" 

365,782 

European latitudes, actual obsft-vation gives : — 


Btations. 

Mean Lat. 

English Feet. 

Formentera L 

40" 0’ 60" 

364,206 

Montjouy 

42" 17' 29" 

364,239 

Carcassonne . 

44" 41' 49" 

364,347 

Evaux . 

47“ 30' 46" p . 

364,936 

. Pantheon 

49" 66' 29" 

/ 366,052 

Dunkixk 

61° 16' 26" 

366,116 


itude varies proportionally to the distance passed 


of Itbe greatest measurements of an arc of the mc- 
id of the last century, by the celebrated astronomers 


Greenwich. 
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From Bessel’s Elements the next table is fo: 

rijed:- 




Length of a Degree 

Length of a Degree 

i 


__ 1 

Lat. 

of Heridiaii. 
EngUi^ Feet. 

of Latitude. 
English Ecet. 

Eadius Victor. 

• 

Angle of verucal. 

o 

0 

367,749 

365,186 

1 000000 , 

0 

0*0 

6 

862,776 

363,805 

0 '909975 

1 

59 '5 

10 

362, '868 

359,674 

0-999899 

8 

55 '5 

. 15 

362,092 

352,821 

0*999778 

5 

44*3 

20 

363,174 

343,296 

0-999612 

7 

22*7 

26 

363,898 

331,168 

0*999407 

8 

47*9 

30 

563,658 

316,524 

0'999170 

9 

67-1 

36 

363,946 

' 299,472 

0*99890> i 

10 

48’3 

40 

364,254 

280,135 ' 

0-998626 1 

n 

19*8 

46 

365,572 

258,657 

0998336 1 

11 

30-5 

50 

304,690 

435,196 1 

0*998045 ' 

31 

20*5 

55 

365,199 

209,933 j 

0*997763 i 

10 

40-7 

60 

, 305,489 

183,052 

0-997499 

0 

59*1 

65 

365,752 

154,759 ' 

0 997259 ' 

8 

50*2 

70 

365,979 

125,271 I 

0*997052 * 

! 7 

25 1 

75 

366,163 

94,812 ! 

0 996884 

1 0 

40*3 

80 

366,300 

63,620 1 

0*996759 

1 3* 

57*0 

85 

366,382 

31,568 i 

0*996(>tS3 

i 2 

0*3 j 

90 

j 

866,411 ! 

0 i 

i 

1 0*996657 

1 ^ 

0 0 ' 


The elements of the earth’s figure, deduced by Trolcssor Airj^ (Eucycdopcedia 
Metrop,, Art, Figure of tlis Earth) ^ arc — 

Equatorial diameter in miles . . . 7926*648. 

Polar diameter in miies . . , , 7899*170. 

The equatorial eirctunference heiug a little less than 26,000.— -accurately, 24,899, 

To illustrate the very triOing proportion which subsists between the inequalities 
of the earth’s surface and its entire volume, we may suppose an artificial boll eighteen 
inches in diameter to represent our globe, when the proper proportionate elevation to 
be assigned to its highest mountains would be ^th of an inch. 

Rotation of the Earth. — Two principal niotions belong to our planet ; one of 
rotation upon its ajtis, called its diurnal motion, producing the succession of day and 
night ; and another of progression in space, or revolution round the sun, called its 
annual motion, causing the vicissitude of the seasons. Both of these motions are to 
be understood of the whole earth, its interior substance, its superficial masses of land 
and water, the surrounding atmosphere, and the clouds in suspenaion over it ; and 
both motions arc in the same direction from we^ to east. 

The exact time occupied by the diurnal rotation is 23 hours, {66 minutes, and 
4*09 seconds. This forms a sidereal day ; so called, because in that time the stars 
appear to com]plete one revolution round the earth. A star whidi is on the meridian 
of a place at a given period, will be on the meridian again aftcT that interval. But as 
, while the earth rotates upon its axif it is also moving in its orbit round the sun, it will 
require twenty-^four hours, upon an average through the year, for the sun to pass 
from the meridian of a place to the same meridian again. This forms a solar day, 
longor thana sidereal ; and consequently, in the course of the earth’s annual revo- 
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EVIBENC® OP THE EARTH'$ ROTATION, SIS 

A 

lution round tlie ©mi, while ve hjare 866 of the former we hare 366 of the latter, or 
that number of complete rotations ol the earth upon its Hence the w^4EnowR 
fact, that, in travelling round the a person finds, on arriving at the point 

whence he set out, that he has gained or lost a day in his rooVoning of according 
os he has travelled east or viost, as compared with the reckoning of those who have 
remained at rest. 

The earth's motion upon its axis is perfectly uniform and equable. Sidereal days, 
therefore, arc always of the same length, every rotation being aocompIiBbed in the 
same time ; but the motion of our planet in its orbit being unequal, sometimes fBste«r, 
Bomotirnea slower, solar days vary in length at different times of the year. Hence the 
hour shown by a well-regulated clock and a true sun-dial is scarcely ever the same ; 
the difference between thorn, sometimes aiqpunting to 16J minutes, being called the 
equation of lime. About the 21st of Becember, the solar day is half\ minute longer, 
and about the 21st of September nearly as much shorter than 24 hours; which is an 
average of all the solar days tliroughout the year. 

'Jlu' rotation of ibo earth upon its axis is not suBceptible of ocular eoidence like 
that Avlnch the observation of spots upon the sun, and some of the planets, affords of 
the same fact in relation to those bodies. Nevertheless, the truth of th^ doctrine is 


ostabhsbed by various considerations. , 

Either the globe revolves upon an axis every twenty-four hours, or the whole 
uiiivorsc, including the sun, moon, comets, and fixed stars, accomplishes a revolution^ 
rouncl the oartli in the same time. No third opinion upon the subject can possibly be 
libld. In tho latter case it is evident, from the distance of the celestial bodies, that 
their diurnal revolution around our planet must involve a rate of motion that is utterly 
inconceivable. The sun must travel at the rate of 400,000 miles a minute, the nearer 
stars with the velocity of upwards of 1,000,000,000 of miles a second, and ibe more 
distant with a rapidity which no numbers can express. It is absurd to suppose this, 
when the end to be gained requires only our little globe to xervolve upon itself. 

The following considerations present Jbhemselvea. If the diurnal movement which 
we see, were attributable to a ^ 

movement of the stars, E, E*, E" 

(Fig. 8) would describe uni- 
formly a circb; situated in a 
plane, T P, perpendicular to the 
plane of the pol(» and the oentres 
of the circle, C", C, C', for the 
reduced perpendiculars of the 
stars upon this line ; that is to 
say, the most distant points from 
the earth T. But we know that 
when a body describes a circle 
with a uniform motion, it is 
attracted towards the centre of 
the circle by a constantly acting 
force, of which the magnitude 
depends at/mce upon its rate of motion and the radius of tlfe rircle which it describes. 
The stars E, E' E" cannot move in the cirole of which we speak without being ^traoted 
towards the points C, C', C", situated upon the line of the poles. 



Fig- 8. 
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But something like demonstrative proof of real ciroumstanoes may be adduced. If 
the earth rotates, the summit of a high tower, laving a larger circle of rotation to 
describe in the same time than the base, must olfrioitsly move with greater rapidity ; 
a stone, therefoi^e, dropped from the summit, leaving it with a greater momentum, will 
move faster through the whole of its descent than the* bdse, and reach the ground a 
little in advance, or easterly, of the foot of the perpendicular, the direction of the earth's 
rotation. Owing to the small height of buildings suitable for the purpose, this is a very 
difficult matter to test ; but experiments have been conduol^ with this result, in 1804, 
in St. Michael'a Tow^r, at Hamburg, and, in 1805, in a coal-pit at Sohlebusch, in the 
county of Hark. Let the circle E (Fig. 9) be the equatorial 
circumference of the earth, the line T a tower perpendicular 
to C the centre,^ the circle M will then be the circumference 
described by the summit of the tower S, in the course of one 
rotation *of the earth upon its axis. *I{ we suppose the base of 
the tower d to pass to c, the summit S will in the same time 
pass to a, and this being the larger arc, it follows that the sum- 
mit must travel faster than the base. If then the earth 
rotates eastward, a ball dropped from the summit will leave it with its momentum, 
and move faster eastward through the whole of its descent than the base. The 
result will be that it will deviate a little from the plumb-line, and fall a Uttle to the 
•east of e, 

* Again : a pendulum of a given length, which makes 86,535 vibrations in a day at 
I Lemdon, will make only 86,400 in the same time if transported to the equator. This 
shows that the force of gravity which produces its oscillations must be least where the 
movement is the slowest, or less at the equator than at London. Now assuming the 
earth's rotation, its equatorial regions, where the circle of the circumference is the 
greatest, must revolve with greater velocity than those which arc situated towards 
the poles ; consequently, the tendency to fly off from the centre is greater there, which 
proportionably neutralizes the force of gravity, and accounts for the unequal action of 
the pendulum. 

At the equator, the rate of the rotation is about 1042 miles an hour, or 17 nulcs a 
minute ; at 30^ of north latitude it is 14 miles a minute ; at 45^, or about the centre 
of France, it is 11, 

Annual Motion of the Eaarth. — The annual motion of the earth, or its orbital 
movement round the sun, occupies a period of 365 days, 5 hours, 48 minutes, 49*7 
seconds. This forms the solar year, or the period which the sun appears to take, 
through the actual procession of our plantt, in passing from a particular point of the 
ecliptic, say the first point of Aries, where the ecliptic and the equator intersect, to the 
' same point again. It is also called the tropical year, because the interval occupied by 
the sun in visiting the tropics and returning to the equator. The sidereal year, or the 
space of time which the sun cakes in apparently passing from any fixed star till it 
returns to it again, is 365 days, 6 hours, 9 minutes, 9*7 seconds ; rather more than 20 
minutes longer than the tropical year, which is due to a slow annual displacement of 
the equinoctial points. 

As the mean distance of the earth^from the sun is 95,000,000 of miles, the diameter 
of the orbit is 190,000,000' of miles, and its linear extent near 600,000,000 of miles. 
This enormous distance is traversed at the rate of 66,000 miles an hour, or 19 miles in 
a.second. This is the mean velocity for the year ; but in January the earth travels at 
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tho rate of 69,600 miles an hour; which is more than 3,000 tny^*** an hour its rate of 
motion in July, when it is cmly 66i|t00 miles an hour. This results finm tl^ second 
law of Kepler, to which we shall att^ards return. 

Hippardhus, two thousand years ago, was the first who closely apprommated to the 
true length of the solar or fropical year. His determination of 366 days, 6 hours, 65 
minutes, 12 seconds, exhibits a value hut slightly in excess of the truth. 

The earth's motion of translation in space, like that of its rotaticm, is imperceptible 
by us ; resembling that we experience in calmly floating down a stream, when surround* 
ing stationary objects appear to be in movement, and our senses are lulled into Complete 
forgetfulness of our own progression. It appeals not to the eye, as in the case of the 
other planets, which are seen to be constantly changing their place ; but, besides the 
evidence of strong probability in its favour, it has received sensible opnfirmation from 
the discovery of ^e aberration of the stars. • 

In its annual revolutiSn round the sun, the axis of the earth, inclined 23}** from a line 
perpendicular to the plane of the orbit, maintains invariably the same position, causing 
the phenomena of the seasons. An attempt is made in the engraving at page 219 
to delineate the annual revolutions of tho earth about the sun, and the other pbeno* 
mcna attending it. | 

By measuring the distances of the earth from the sun, at dififerent times^of the ^ 
year, the shape of its orbit has been ascertained. These distances, as they were 
unequal, could not, of course, be semi-diameters of a circle, but they corresponded, « 
taken together, to the radii vectores of an ellipse. The straight line connecting th'b 
pin-ihclion and aphelion, passing through 4he centre of the sun, is the line of ap9idt». 
The inclination of the earth's orbit to its equator, or the so-called ohliquiiy of the 
ecliptic^ amounts to 23® 27'. The velocity of the earth is greatest at the perihelion 
and least at the aphelion. It is further to be observed, that the mean distance of the 
earth from tho sun is equal to half the major axis of the earth's orbit, and the line of 
apsides is itself the major axis. There are four noteworthy points in the earth’s orbit 
in the engraving, viz., those which ma^ the beginning of the four seasons. Two of 
these points are called the solstices — they mark the beginning of winter and summer. 
The straight line uniting them, passing through the centre of the sun, is called the 
solstitial colurs. The two other points are the eguinoxesy vernal and autumnal, marking 
the commencement of spring and autumn. The straight line cutting them at right 
angles, and passing through the centre of the sun, is the equmoetuA edwre. This on- 
graving also represents— 1. Group of stars in Aquarius.-<»2. Mars, as seen Aug. 16, 

1830, by Sir [John Herschel at Slough 3. Group of stars in the constellation of 

Hercules. — 4. Great Comet, as seen Sept. 10,«1.811.— 6. Groups in Cancer. — 6. A star 
in the middle of the elliptical nebula. — 7. Comet of 1811. — 8. Nebula in Ursa Major. 

— 9. Bright elliptical nebula in Sagittarius. — 10. Three stars in Auriga.— 11. View of 
Saturn with his rings. — 12, Nebula in Gemini. — 13, 14. Nebula in Andromeda. — 15. 
Nebula in Monoccros. — 16. The comet of 1819.— 18. Streaks in Jupiter, as observed 
Sept. 23, 1832, by Sir J. Herschel. — 19. Group of stars in Cancer. • 

The earth is represented on the first day of each of the twelve months of the year, 
the solar distances corresponding to these twelve positions, and the shape of tho earth's 
orbit. The deeper circle surrounding the pole at p short distance, is intended to repre- 
sent the pmalld of latitude of Europe, or the hour circle of that place divided into 
twenty-four hours. Although at the end of December tho earth is nearest the sun, 
yet, at that time in the northern hemisphere, the heat is less than at any other. The 
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reason of this liesin the laot Of the dhort days and Itmg nights, as wdl as that the sun’s 
rays fall Tory ohliquely on the earthy traTersing ^longer path through the atmosphere, 
and consequently losing much of thek heating power. At the h^xming of July, on 
the contrary, although then the earth is at its greatest distance, the temperature of the 
northern hemisphere is greatest, cn account of the long days and short nights, and the 
great altitude of the sun at noon. It must not bo forgotten, howeyer, that owing to 
the precession of the equinoxes, these signs no longer correspond to the constellations 
of the same name, so that now the sign Pisces correspondsi to the constellation Aries, 
the sign Aries to the canstelietion Taurus, &c. It is further evident, that if the 
earth at the beginning of spring, summer, autumn, and winter, should be in thc3 
signs, Aries, C/ancer, Libra, and Oapricomus, respectively, then the sun, as being 
always directly opposite in the ecliptic, will he in the signs Libra, Oapriooxnus, Aries, 
and Cancer. ' 

An atmosphere — the region oi thewmds,lightning,andmefeoriccomiBcations — upon 
which respiring beings depend for witality, surrounds our globe, and is one of its most 
important attributes ; chiefly interesting to the 
astronomer, on account of its effect in disiday- 
ing to \is the heavenly bodies and diffusing the 
rays of light in every direction around us. The 
extent of this wonderful and benign envelope is 
mot precisely known ; but its density diminishes 
& we ascend from the surface, and, at a very 
inconsiderable elevation, it becomes so rare as 
to interfere with the functions of existence. The 
diagram represents the engirdling atmosphere 
of our planet, various strata of air resting upon 
it, tie upper pressing upon the lower, and comb- 
ing the interior to be more dense than the 
exterior strata. 

The density of the earth is 4-^y that of water, so that our globe would couxiterpoisc 
globes of the same size, composed of materials of the same specific gravity as water. 
Yet, abandoned to the solar attraction, it would require C4 days, 13 hours, to fsU 
Upon the sun. 

The varying intensity of the force of gravity at the surfisoe of the earth, at shown 
by the unequal action of the pendulum, which vibrates riower at the equator than in 
Other places, is as 1 at the equator to at the poles. A body, therefore, weighixig 
194 pounds at the equator, would weigh<^ 95 pounds at the north pole. 

!l^e place of the earth in the system is a favoured one, where nearly all the planets 
are visible to the naked eye. Whilo they appear in our heavens, Jupiter, Venus, and 
occasionally Mars, shining with great splendour, our planet may be presumed to return 
the compliment, exhibiting to Venus, at the time of her inferior oonjonction, when she 
ieC nearest to us, a full orb resplendent through her whole night. 
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ox TUE SUX. 

This stupeudous luminary, to whieh wc are indebted for many of tSie Weesing* we 
eniov— the source of ligbt and heat, aud wbicb also contributes materwlty to Ibe 
devWopmcnt of vcgotation-will now claim our attention. It also serves u a stau at 
lor the regulatum of our calendar. The oibil which it appears to describe about the 
earth fixes our year, whilst ite displacements in the ecliptic regulate our seasons. A 
little attention ‘will shew us, that its motions in the heavens Irom day to day diilei 
from that of a fixed star. We have only to mount firmly any line of aigbt, prt^ilj 
•protected by coloured glasses from the glaA- cf sun-light, and we can readily deter- 
mine, by means of a watch or chronometer, that the interval between the successivo. 
roturas of the sun will bo different at diffl'rent times of the year; whilst the in- 
variable constancy of the returns of the fixed stars, on the ^hcr hand, ‘ 

oLe with the notion that the earth lotates on its axis. The apparent path ol the 
sun however, in the heavens is not so easily traced as that of the moon, or p ant 

investigations we arc obliged to make use of a transit ^ 

which will be described hereafter. By thca» instiumy.ts we find two 
necessary 40 define iU path, namely, its right ascension and dechBatura. * 

«n also be readily known. We thus find, that, in addition to its ‘J 

partakes of a projir mot ion sdways in the same direction from west to east, «nd thW 
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it is six months ahove, and six months below the equator. Its path in the heavens 
is termed the ediptic, and passes through the follc|ving constellations : — 

Aries. Leo. Sagittarius. 

Taurus. Virgo. ^ •Capricorn. 

Gemini. Libra. Aquarius. 

Cancer. Scorpio. Pisces. 

Its orbit is inclined to the ^uator by an angle of 23^* 27\ termed the obliquity of the 
ecliptic, Hie intersections of its orbit with the equator occur at two points, termed the 
vernal and autumnal equinoxes. The points at which the greatest and least declinations 
of the sun take place are called the solstices. 

Motlottjof Sun in ita OxMt^'^In order to obtain the accurate path of the 
sun in the ecliptic, it will be necessary to convert the right ascension and declination, 
obtained by means of the transit instrument and mural circle, into longitudes, which 
can be readily done, having given the obliquity of the ecliptic. It will then be easily 
seen that the arc described in the space of a day is not uniform, varying in amount at 
different parts of his orbit The maximum change occurs on the first of J anuary, when 
it amounts to BP 10'^, and which gradually diminishes to the first of July, when the 
value is 67' 12", after which its motion is again quicker. The average velocity of 
69' 11" takes place at the commencement of April and October. The observed diameter 
^obtained by means of the passage of his eastern and western limb over the meridian, or 
the vertical diameter measured by the mural circle, will also exhibit fluctuations; the 
maximum occurring at the time of its greatest angular velocity. It would by this 
appear that its distance from the earth varied. The variable velocity of the sun in its 
orbit engaged the attention of Hipparchus, who lived about 140 years before our era, 
and who appears to have been a more accurate observer of the solar motions than hig 
predecessors. This celebrated philosopher, who was of opinion that the motion in a 
circular orbit was the more natural, invented an eccentric hypotheeis, which explained 
the greater angular velocity, and the smaller angular velocity, but which failed at the 
intermediate positions. He considered that the earth w^as removed some distance from 
the centre of the sun's motion, as in the annexed diagram. If the earth be supposed to 
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Fig. 10. ^ Fig. 11. 

bo placed atT (Fig. 10), instead of at 0, the centre of the circle M £ N £, it wiU follow 
that the equal arcs described by the sun in equal times will not appear uniform, and thus 
the motion will be slower at N than at M, end will gradually increase from the former to 
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the latter poiat. Hipparohiu explained this change in the angular velocity of the soS) by 
means of the epicycle. Supposing tl^t the earth is placed at T (Fig. 1 1), with a radius 
T 0, describe the circle C 0' I^the sun be fixed at S, in the smaller circle C S 
(which is called the epicycle), and makes a complete revolution in Uie direction of the 
arrow, in the same time thatjthe circle itself passes round the earth ; it would follow 
that the sun would always remain at equal distances from the point T, as at a', a", 

But if the sun be supposed to travel uniformly, and always preserve the same direction' 
0 S, C' S*, C'* S'' &c., it is plain that its distance will vary from the point T. If we 
make T 0 equal to C S, and describe a circle from the centre 0, this circle will pass 
through all the points S S' 6" S'". This agrees with the preceding explanation, for 
whilst the sun describes a circle round 0, the earth T is placed eccentrically in this 
circle. The amount of this eccentricity may be determined by comparing the 
angular velocities of the sun when at ajJbgee and perigee; aD4 We thus find 
TM : TN . ; 3431*5; 3670*1; whence it would result that the greatest, the mean, and 
the least, distance, supposing the earth's orbit to be circular and the motion uniform, 
would be 1*0338 : 1*0000 : and 0*9062 respectively ; the eccentricity of the earth’s 
orbit would be 0*0338, or We may also arrive at a knowledge of the eccentricity 
Cj by comparing the diameters of the sun at different epochs. 

Thus, let d be the least diameter, D the greatest diameter, and 8 the mean diameter, 
then 


8 


D = 


1 — e’ 


1 -f* e’ 


and e =r: 


D + rf 


t * . . ft 

In this case D = 1955''*6, rf=: 1891", and the resulting eccentricity is 0*0168 ; con- 
sequently the greatest and least distances would be 1*0168 and 0*9832. It would follow 
from Ibis, that the motion of the sun in its orbit cannot be uniform, but that it must move 
really more rapid when at perigee than at apdgee. The variation of its angular velocity 
is about twice as great as that of its distance. W e may arrive at a knowledge of the true 
orbit of the earth round the sun by marking off the longitudes daily, and the pro- 
portional radii (estimated from the observed diameters). It will thus be found that 
the figure, roughly traced, will differ considerably from a circle, and will be an ellipse, 
having the earth in one of its foci. It was not, however, by these simple means that 
Kepler made the great discovery of the elliptic motion of the earth and planets, but by 
a long and laborious discussion of the observations of Mars, made by his master and 
patron Tycho Brahe. « 

By further consideration on the motions of the planets, Kepler discovered that 
their angular velocity diminishes in the sam$ proportion as the square of the distance 
increases, and that the areas described by the radius vector are proportionate to the 
times of description. If we suppose a planet to pass through M M' and N K' in * 
the same space of time, it would follow from this that the areas M, T, M', and 
X, T, X', are equal, and that the angular velocities ore greatest at perigee and least at 
apogee. The form of the ellipiie which the earth describes about the sun differs but 
little from that of a circle, as the distance 0 T is only one-sixtieth part of the semi- 
major axis 0 M ; and if such an ellipse were described of a yard in diameter, the 
difference between the major and minor axis woiBd be almost invisible. 

The direction of tbo line of the apsides of the euth being known, its position in respect 
to tbo fixed stars has next to be detennined. The line to which this is referred ia that of 
D B of the equinoxes. At the presenl^time, the inclination between the major^uem H X 
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of th« eetrth^s orUt, and tlie liiwr B B oit the aoietieeft^ is neaflf 10\ and is gtadually 
I mcreasing^^-tho* magor axis increasing in the aarie diractioa as the sun’s awtion^ at 
I tlie rate ot 62*^ animaiiiy. The duration of th«f seasons is eonasqnendy ttnusqual; as 
I may be seen % ^ispaiiisg the areas, • T A, ^ T e, r T d, anld T w;Kick being pw). 
j portionate to tiio ttasee, the sun will consequently rcnmii) Intigor in tho' quadrant B T r, 

! than in j T a,r Whilst, therefore, the length of the year b censtarit, the duration 



I of the seasons is subject to n slight change* from year to year. At the present tiino, the 
lengths of the different seasons au as follows — 

I, ' d. n, VI. 

I Spring . . . . 02 20 50 

j Summer . . , . 03 U 13 

Autumn . . . . 89 18 35 

j AYinter , . . . 80 0 2 

! The sun, therefore, remains nearly eight days longer in the northern than in the 
i southern hemisphere. By taking int^ account the rate of the progressive motion of the 
apsides, M N, which is 01”^^ per annum, according both to theory and observation, the 
time when tire line of solstices, D B, coincided with the line of apsidfeff may be determined ; 
and it has been concluded that this occurred in the year 1250. At that time the 
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* " ' 'll ■■■ I 

autusm azid winter quarten were of equal length, and likewise the Sfidiig and summer i 
but the summer was longer than the winter. 

IMiEtESicE oC tli 0 Snua*'— *Be&]9m we make any very accurate progress in the 
motion of the sun in its orbit, we must first discover the auufs distance, or the 
angle to which the earth subtqids at the sun. 

Whilst the relative distances of the planets from the 'sun, expressed in values 
of the earth's distance, can be determined by means of Kepler's laws, the actual 
distance of the earth from the sun, expressed in some known measure, can only be 
arrived at by a long and tedious process ; and that only on some rare occasions. The 
micrometrical apparatus of the present day has, indeed, successfully detected changes in 
the positions of double stars, &c., of one-fiftieth the actual amount of the solar 
parallax ; but the objects under those circumstances are much more favourably 
situated for observation, and considerably better defined than the sun the irregu- 
larities of refraction scarcely, if at all, enter into the qfiestkm. If these causes of error 
could be removed fhun the description and definition of parallax which have been 
previously given, it is plain that the parallax of the sun might be deduced in the 
manner hitherto described, viz., by observing its zenith distance in the nortihem and 
southern hemispheres, and in the same meridian ; or, if the meridians are difierent, the 
change in the sun’s declination may be calculated, and applied in order to reduce the 
one position to the other for the purpose of comparison. Such a method has not, 
however, succeeded with the sun, in consequence of the smallness of its parallax, 
which is also mixed up with the uncertainty of the observations and the errors df 
refraction. In modem times, when increased instrumental accuracy and skill in their 
use have been brought to bear on this question, the result arrived at by this means 
may be more approximate. The method by which the parallax, as constantly made use 
of at the present time, has been determined, is that deduced by means of the pussago of 
Venus over the sun’s disc — or the iramit of Venus, as it is more commonly called— tho 
value of which was first pointed out by Dr. Halley. This method, although indirect, 
gives the solar parallax with great accuracy ; and so well was it determined at the last 
passage of 1769, that most astronomers are of opinion that it can scarcely be amended 
by future detenu inations. 

The manner in which this phenomenon is applied to the determination of the solar 
parallax will be laeen by the diagram (Fig. 12). The I'elative distances of the earth and 
Venus from the sun’s centre are accurately known. Lotus suppose that when Venus is 
situated between 'Jie sun and the earth, its distance from tho former is 0 73, tho earth’s 
distance being 1 *00. Tho earth being situated at T, and two observers stationed at the 
opposite diameters A and B, the observer a^ C will perceive Venus, V, crossing the 
sun’s disc from c to d, whilst the observer at B will see it passing from a to/. The 
breadth of this zone, a b, will be considerably greater than tho diameter of the earth, 
A B, in consequence of the ^greater proximity of the planet to the earth, V S being 
2'7 times greater than tho line V T, and consequently the line a 5 is 27 greater than 
the diameter of the earth, A B. If tho angular measure oiab could be obtained, this 
would therefore bo 2 7 times greater than the earth’s apparent diameter as seen from 
tho sun, or to d’4 times the sun’s horizontal parallax. This angular measure can be 
found by the observers A and B taking tho distiyce of tho limb or centre of Venus 
from the sim's Umh. The line a h, as here represented, is tlrawn much greater than 
it really is* for the resulting diameter of the earth is only 8J seconds of arc; and 
consequently tho breadth of this zone is only or about three-quarteA of the 
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diameter of VenuB at the time of inferior oonj unction, or of the mean diameter of 
the sun. f 

It is not only, howeyer, by observing .micrometrically the distance of Venus from 
the sun’s limb that the relative distance ad may be deduced; it can likewise be deter- 



mined by the itme which the plahet remains on the sun's dis(^ at the several stations, or 
the interval elapsed between its entry at c and e to its disappearance at d and /. The 
motions of Venus are accurately known by means of the tables, and thus the lengths of the 
chords c d and «/, and therefore the distance a h also. It is usual , in these cases of the passage 
I of the planets Venus and Mercury over the sun's disc, to note the time when the limbs of 
the planet and sun come in contact, and also, after the ingress has occurred, to note the 
time when they are last in contact. The same must be done at its egress. The times 
^ of interior contact can be perceived much more exactly than the exterior. If the transit 
fs central, the duration of its passage may extend from 7h. 52m. to 7h. 54ro. ; and accord- 
ing as it is more distant from the centre, the chord will be shorter and the time in the 
same proportion. In the passage of 1769, the duration at Wardhus was 6h. 29m. ; at 
Hudson’s Bay, Gh. 22m.; at California, 6h.l4m. 3s. ; and by Captain Cook, at Tahiti, at 
6h. Gjm. From these measures the horizontal parallax of the sun was calculated by 
the astronomers of the time at 8"*5C93 ; but the results differ considerably, the entrances 
being 8" -2 and 9"‘2. The small altitude of the sun in the northern latitude, and its 
consequently bad definition, made it difiicult to estimate the exact moment of entrance 
on the solar disc. . Some observers saw it as much as twenty seconds sooner than others, 
but the effect of this would only entail an crrc>r of one-sixtictb, or probably of only 
one-half of that amount, on the total parallax ; so that instead of 8"-5693, we should 
have 8"*640 or 8”'498. These calculations have been performed anew with the utmost 
accuracy, by Professor Encke of Berlin. From the first transit of June 5, 1761, that 
celebrated astronomer has obtained the value 8”*49C52d comprised between the limits 
of 8'''429813 and 8"'55r237. The discussion of the second passage of June 3, 1769, 
gives $''’5776, not greatly different from the above; but, being made under more 
favourable circumslances, is the volue now generally adopted by astronomers. 
The resulting mean distance of the earth from the sun would, consequently, be 

sm 24046-9 radii of the terrestrial equator, which corresponds to 82,667,200 

I miles, of 60 to a degree. To pass through this distance light employs 8m. 13-158., and 
in consequence wo see the sun 20"*252 behind its real position. The radius of the 
I sun at its mean distance being 960''*9, the real diameters of the two bodies will be in 
I proportion to their apparent diamet^^, or as 8-578 to 960-9, or the diameter of the sun 
I is 112 024 times greater than that of the earth. Their volumes ))emg proportionally as 
I the cubes of their radii, it would follow that the bulk of the sun is 1*405*845 times that 
of the earth. 


TRANSIT OF YEN 08* 


Passage oC Venus acioss tlie Sun’s Pise. — This phenomenon oan only take 
plaoe at intervale of eight ycara andjl05 years, and the two next times will occur on 
Bee, 8, 1874, and Dec. 6, 1882, Sii^e Venus comes nearly to the same point of the 
heavens every eight years, it may he expected that if it transits over the sun at one 
given epoch, it will pass ovfy it on the eighth following year, and this generally 
takes place. As Venus, however, changes her latitudes during this period of eight 
years, it is impossible that three can follow each other in succession, as it must then 
pass beyond the disc of the sun,. which is only 32' in diameter; and as they can only 
take place when the plane is very near its nodes, it follows that for some centuries this 
will occur cither in the months of J une or December. 

The mass of the sun is found to bo 3d4936 times greater than that of the earth ; 
and, comparing this with its volume, wo find that the latter is only equal tp one>fourth 
of that of the sun. The gravity on the surface of the sun is 28 36 times greater than 
that on the surface of the ‘earth, or a body which weigTis one pound on the surface of 
our planet, weighs twenty-eight one-third pounds on the surface of the sun, and con- 
sequently a body will fall with twenty-eight one-third times the velocity during the 
first second of time. 

Fonu of Sun’s Bisc.— Tn measuring the disc of the sun with the heliometer, or 
any graduated instrument, it is necessary to take precautions that it is favourably 
situated, and not too near the horizon, w'here the refraction has a very sensible effect 
in elevating the lower part of the disc in a greater degree than the upper. When the » 
sun is 45’ above the horizon, the difference between the vertical and horizontal 
di|.meters only amounts to 1" ; but when it touches the horizon, the vertical diameter 
is one-sixth part of the whoh' diameter less than the horizontal. The figure which the 
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Sim takes under those circumstances will be seen by Figs. 13 and 14, which have been 
constructed with exact proportions. The refraction causes the sun when really at S 
to appear at S', with its apparent lower limb touching the horizon. This is the usual 
effect of refraction, but at the horizon many irregular local causes tend to produce 
changes, and it is generally found to ho serrated, arM with a continual whirling motion, 
due to the iiregular motions of the atmosphere. It appears strange that the discs of 
the sun and moon, which, if anything, are smaller under those circumstances than 
when at a great altitude, are commonly romarr'i.d to bo larger at the horizon than 
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! elsewhere. The ancicmt astronomera* sought to explain this optioal illusion^, hqr^'the 
effect which the atmosphere had upon the luminoist rays of tho sun. It at the pre^ 

! sent time, more naturally attributed to th^ effect which a comparison with the variom 
' objects seen at the horizon produces ; and, as we suppose the sun to be remoTed'an. 
immense distance beyond those bodies, its diameter appears greater than it really is. 

similar effect takes place when the apparent areas of the constellations are compared^ 

> at the zenith and the horizon ; iu the latter position, they appear considerably more 
extensive than they really are. It is, probably, due to a similar cause, that if wo 
attempt to measure an altitude of 45"' from the horizon, or the point half way between 
the zenith and horizon, it frequently happens that when we come to measure it with an 
instrument) that, which we consider to be the central point is situated some degrees 
nearer to thq horizon than it really is. ^ 

Teleseopie' JC|ipeazance of the Stin. — An observer, viewing the sun’s surface 
with on instrument of moderate power, would probably not perceive any marked differ^ 
ence of light and shade over its general surface ; but with higher powers, and a batter 
telescope, a steady mottled appearance would become apparent, dark and light specks 
being softly intermingled, but not strikingly apparent when seen for the first time, or 
under unfavourable circumstances. Whilst the ground is not uniformly bright^ there 
are very frequent portions which arc decidedly brighter than the general surface, and 
others^ which are much more remarkably darker, being as dark and black as the sur- 
•f gunding heavens, when viewed with the coloured glasses made use of. It is by means 
ofthese fleeting maeulm and facula, as they have been called, that nearly all our knowledge 
of the solar nature, its rotation, and the position of its axis, as well as thestrncture of its 
lurid and changeable atmosphere, is derived. These spots have constantly been per- 
ceived ever since the discovery of the telescope, and there is little doubt but that thev 
were frequently seen before that time with the unaided eye, as they have occasionally 
been seen since. They sometimes cover large portions of the sun’s surface, and aie 
strikingly apparent from the contrast they afford with the bright surface surrounding 
them. ^ 

By whom these spots were first seen after the invention of the telescope, is a matter 
which has found its way into the dehateablu land of scientific history. It w'ould be 
most natural to suppose that Galileo, who had first .scanned the heavens with the optic 
tube of his invention, and ■who was so cnpahle of disthiguishing every phenomenon 
which was apparent, would have been the first to T'.otico these irregular appearances ; 
but the first publication of them is due to Fabri<;iu3, who perceived them early in the 
year 1611, and his w^ork, puhlhshed in the same year, has a dedication bearing date June 
13, 1611. In so far, how'ever, as the Ihrre observation of the spots is taken, into 
account, they were seen by our countryman, Harriot, some time previous to any 
date fixed upon by tho regular clannants to the discovery. Oallileo appears to have 
seen them in April or May, IGll, Scheiner informs us that ho perceived them during 
tho smne months, but he did not take them into consideration before the October of thiit ' 
year*. 

In the annals of China it would appear that a large spot was visible on the sun in 
the y»ar 321 of our era. In the year 807, a large spot was visible on the sun for tbo 
space of eight dayz, which was supp^^ied by many to be a passage of Mercury over tbe 
sun’s disc, but tbe length of time during w'hich it remained visible is, of course^ 
incompatible with such a supposition. l.^rgc spots ■which were seen by Avoniiefa^' 
Scaliger, and Kepler, were likewise supposed to be passages of this planet ; but^^wben^ 
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itisTememberedthat a spot of the dimensions of Venus, with a diameter of five times 
that of Mercury, could not be dotcl^^tcd on the sun’s disc,, wo may be ^uite certain;^ 
their nature^ Since that period they have been frequently seen with the naked eye^ 

It was, however, from tclcspopic observation of these spots, thai, the fact of the rotation 
of the sun on its axis was made apparent, and Fabricius was the first who surmised 
that they adhered to the sun, judging from their slow motion when they arrived at 
the edges of that luminary. This rotation, and its duration, were subsequenily con- 
firmed by Galileo. The inclinatiooc of the solar equator to the plane of the ecliptic 
was determined by/fiteheiner^o bb^eeven degrees. 

It has been remacked that the spots arc confined to a cevtasm' eqnaidrial zone^ and 
{hat they rarely, if ut all, extend beyond it. Their disposition, iao.thlsits'nsapeot may be 
seen from the accompanying diagram. By Galileo they werc'seen aa far m 29 degrees 
of latitude north and south, hut Scheiner^extended thifj 
to a zone of 60 degrees in breadth, called by him the 
I 7‘0}jal zone. They have frequently been seen, however, 

I even beyond this limit, Messier having seen one of 31 J 
' degrees, and Meehain one of iOj degrees of north lati- 
I tude, whilst another observer has detected one of 60 
I degrees of latitude. This, however, may have been one 
; of the dark pore^y as Ilerschel calls them, with which 
the whole surfare of the sun is dotted, which tends to 
' produce that mottled appearance which he coinparcd to 
■ the skin of an (jrange. The rarity of the' spots seen 
; beyond 30 degrees of latitude tend to confirm the limited Fig. 15. 

j nature of the equatorial zone, which the multitude of spots constantly seen on the^^sun 
I renders more remarkable. It was surmised by Cassini that more spots were seen in 
; the southern than in the northern htmi^phc^c of the sun ; but there- does not .appear 
to bo any foundation for this, as they arc generally equally diapofled on back side of 
the equator. • 

In tho large dark spots, or mncnlfTy properly so*>callbd, it has coUfitanily been no- 
ticed that the very dark central portion, termed th» nucleus, is fringed ramd surrounded 
on all sides with a shade of less inteusityj^Kg. 16 ), known bjrtho name of the 
ponurabra (pene-umbra), and which. is nearly of thesam® degree of darkness 
throughout. Hersehcl found that even the largest of these spots com- 
menced M’lth one of these minute dark points, or pores, in the bright surface 
of tho sun, which booame larger’ and larger by degrees. "When two spots 
Fig. 16 , within a short distance of each^thcr, they appeared to have a tendency 

to unite, and continued to expand until tho moment of reunion. When the nucleus of • 
a spot was going to disappear, it was noticed by Scheiner that the penumbra en- 
croached gradually, but irregularly, upon it, so that the nucleus vanished before the 
penumbra. In modern times, and wilkr^better instruments, this breaking up of a spot 
in the manner here specified has been repeatedly noticed ; the interior edge of tho 
penumbra biicomes ragged and irregular, the nucleus breaking up irregularly, and sepa- 
rating iato many distinct nuclei, and presenting tbo appearance as if the luminous 
matter of the sun flowed in upon the dark spot. TMs exterioi; edges of the pcnuiabra^ 
althoi^ ’ taking all shapes, are most frequently rounded off, and seldom appear with 
sharp projecting promontories. This, howerer, is not always the case, as was bqUeve^ 
by simner, since Herschel on on© or two occasions perceived some prominent 
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branches in thr nucleus^ which were equally apparent in the penumbra. Whilst 
observing it with his usual attention^ ho percefved six branches suddenly appear 
instead of the two at first observed, whilst a coiTosponding change took place in the 



penumbra. The same cause, therefore, may bo regarded as having affected both j 
equally. In regard to the proportional dimensions of nucleus, and penumbra, it is j 
generally noticed that the latter is about three times the breadth of the former. It | 
sometimes, though very rarely, happens, that even large nuclii arc unaccompanied 
with any penumbra, and this was confirmed by Tlerschel on one or two occasions. A 

large path of penumbra 
was, on another occasion, 
perceived by him without 
any nucleus. It is but 
rarely that these pheno- 
mena take place in large 
spots ; the smaller ones, 
on the contrary, seldom 
have ai)} penumbra about 
them. Occasionally, the 
f'pot covers such a large 
space on the surface of 
the sun, that w’hen, by 
virtue of the rotation, it 
comes near the edges, and 
is about to disappear be- 
hind the disc, it forms a 
dark notch on its limb. 
This was seen in 1703, 
1719, 1800, and 1846. It 
has been determined by 
Ilerschel, in respect to 
the relative brightness 
of the nucleus and pe- 
numbra, that the former piay be e#6imatcd at 7, and the latter at 469 ; the intensity 
of the solar light being 1000. . Many ob.servcrs have noticed that the interior edge of 
the pequmbra, or that immediately contiguous to the nucleus, is sometimes fainter than 
the exterior portion. At times,' this is so apparent that the nucleus appears quite 
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detached from the penumbra, which has the appearance of a separate armulua. In 
many regularly round spots, the pcoiumbra has been noticed to take a decidedly radi- 
ating appearance, like the iris of the eye, and the nucleus itself observed to be riddled 
with minute pores, presenting the appearance of wire gauze. Mr. Dawes has made still 
further observations on {he, telescopic appearance of the spots, and by means of eye 
pieces, having a very small field of view', by which he gets rid of the surrounding 
glare of the sun’s light, he has detected within the part generally called the nucleus a 
smaller spot, which may be considered as the nucleus proper. From his observations 
it would appear as if what has been termed the nucleus and penumbra had a rotatory 
motion around the nucleus proper. 

Figs. 17, 18, 19, are representations of spots really seen on the sun’s disc, and it will 
be perceived under what inegular forms the]j appear. The long train of s^ots represent 
it as much broken up, willi the nuclei and penumbra interminglecf, and it is in this 
manner they arc noticed when about to disappear. *In Fig. 17, a bright streak of the 
surface of the sun is perceived in the central part. The spots arc very capricious in 
their appearance, being sometimes very plentiful, and at other times the disc of the sun 
is entirely free from the slightest trace. Schroetc'r has recorded 81 separate spots per- 
ceived on the sun's disc at the same moment. For many years together no spot of 
any considerable size has been seen. Their dimensions, as already noticed, are 
frequently very considerable ; and Sehroeter saw one wdiose superficial extent w as 
sixteen times greater than that of the earth. It does not appear tlial the great numbet 
or size of the spots have at any time lujen remarked to produce any degree of cold ov. 
the earth ; for numerous and large as thi^’ scorn to be, they bear but a small proportu/u 
to the total ('xteut of the surface of the sun. The contrary opinion is much more | 
generally regarded as true, and seems more atcordant with the observed facts — viz., 
that the warmest seasons are those in which the sun is most plentifully covered with spots. 

The bright spots which appear on the solar surface either occur under the forms of 
long irregular veins, or minute specks, and arc both perceptibly brighter than the general 
surface o{ the sun ; the former being kiyiwn and the latter as the lucuU, The 

luculif like the poraSf are situated at all parts of the sun’s disc, and assist in giving it 
that mottled aiq)earaoec which it has. The faculai are mostly confined to a zone of 00"’ 
in breadth, in which the spots make their appearance, and generally accompany the 
latter as invaiiubly as the surrounding jjon umbra. The faeuhe are only visible at the 
edges of the suji, as, w'hcn they arc carried by the rotation of the sun to the centre, 
they arc seldom, if ever, visible. When the faeuhe appear in groat numbers and 
brightness on tljc limb of the sun, they are certain forerunners of large spots, w'hich are 
almost sure to make their appearance in few days afterwards. Cassini states that 
faciilae ordinarily show' themselves in those places where spots have previously appeartMl, 
and tliat tliey have subsequently again become spots. Darham noticed a similar 
appearance, and, on one occasion, relates that he perceived changes in the spots with his 
eye at the telescope — a black spot appearing and disappearing successively in the centre 
of a brilliant faculaj. Herscnel has likewise perceived extraordinary rapid changes 
with elongated faculse ; although Scheiner did not give credit to the existence of the 
facuke or luculi^ or anything on the sun brighter than its suiface, yet they wore 
detected with much less powerful instruments t^an he possessed by earlier observers, 
Galileo firjt remarked the existence of the faeultr, and Schooner that of the luculu 

Physical Constitution of th« Sun.— Until comparatively recent times, those 
spots were held to be the dark smoko or vaporr which floated over the sola!- surface, 
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although this did not explain the penumbra, or the shape which it takes when eeeii at 
ditEferent parts of the diso, when the penumbra surrounds a spot pretty equally at all 
aides near the centre of the sun, as at Fig. 20 ; when it passes to the margin and is 
reoeived obliquely, the portion most distant would appear the narrowest. This, how- 
ever, is directly ocmtraryi to observation, as it has been, noticed that the nucleus and 
peaiunbra, whenaeen at the edge of the sun, appear as at Fig. 21, the part of the 
penumbra most distant from the sun's limb disappearing entirely, whilst the opposite 
side is only slightly diminished in breadth. Taking these facts into consideration, Dr. 

Wilson became convinced that the nucleus 
'was in reality a deep hollow in the surface of 
the sun, and that the pennmbra 'was the shelv- 
ing sides surrounding it. If such a hollow 
as this be received obliquely, it is evident 
that it will appear *as in Figure 20. Dr. 

Pig- 20. Herschel confirmed this theory in many re- 

spects ; but, instead of holding the opinion that they were indentations on the surface, 
be considered, rather, that they were openings in the luminous atmosphere of the sun. 
The sun itself he considered to be a dark body surrounded by t'wo envelopes, the interior ' 
one being formed of very luminous clouds and very bright, whilst the one lying between ] 
the photosphere and the body of the sun, is formed of clouds, very little, if at all j 
♦ luminous. | 

If we suppose an opening is formed in these envelopes, by a gas ascending from the \ 
body of the sun, and driving the atmosphere away, the opening at the centre of the | 
sun (Fig. 21), or to an observer at A, the nucleus will appear of the breadth a a\ aur- I 
rounded equally on all sides 
by a penumbra, 'vihosc 
breadth is V , If, how- 
ever, the observer is at B, 
he vie’ws the spot obliquely, 
the sides of the two open- 
ings, a and Z», will coincide, 
and 'will lie in the same 
direction. On the op])osite 
sides, however, at «' and //, 
they will still be fully appa- 
rent. If the gas drives 
away the clouds of the two 
atmospheres, they will, of 
course, accumulate about the 
opening, and this may ac- Fife. 21. 

count for the faculm which are to be perceived about the nucleu.'S and penumbra. In 
regard to the luculi or points of light which cover the surface of the sun, tliey may be 
due to the roughness which 'W’ould result from such a cloudy and irregular mass as the 
photosphere is imagined to bo. An observation which tends to prove the unstable and 
cloudy nature of the outer envelopotis, that they shift their positions from day to day; 
and it is very difhcult to dbtemuiic the exact period of rotation of the sun irom these 
observations, some showing much longer periods than others. 

From observations on a great number of spots, M. Langier, of the Paris Observa- 
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lias ireoeatly detexmined theNSXAfit period of rotation to be 2d days* Smoe, 
however, the* earth is BMwing around the sun during this 

rihtesval, we must wait nearly tvro days longer before we ^ I 

perneivo the spot again at the centre of the sun. To /V 

explain this (Fig. 22) : If T l)p the earth, S the sun, and a 

tho spot as seen in its centre, whilst the spot appears ^ \ ; 

to make a eomplete revolution, and to arrive again at the ( I \ 

centre, the sun passes from S to S' ; and when it arrives V \ ' 

at S', the -spot appears at If the sun had made exactly i ® \ 

one revolution on its axis in the direction of the arrow, / \ 

the radius S a would -have taken the position S b parallel ' *^0' 

to its first position. When it arrives in q\ it must there- 
fore have made more than one revolution Sy tho angle Vig.!i2. 

C S' a*. To pass throuffli pliib the angle C S' «',* it requires 27‘3 days; whilst to 
make a rotation on its own axis it ojily requires ‘id‘34 days. 

As the solar equator is inclined 7“ 9' 12" to tl:c ecliptic (according to M. Langier’s 
investigations), the path which the spots appear to describe on the sun will vary at the 
Nm-th. North. different seasons of the year, the concavity being 

sometimes turned towards tho north, and at other 
times to the south. In the beginning of December, 
spots will appear to describe straight lines witlv 
reference to the ecliptic c f, the lines being inclined 
to it. by an angle of 7“ (Fig. 23). From the Ut of 
Fig. 23. December to tlie let of J une, they described curved 

linos, the convexity being turned to the north (Fig. 24). At the commencement of 
June they again describe straight lines, but in North. North, 

a contrary direction to the 1st of December. 

From Juno to December they describe curved 

lines, with the concavity turned to the porth. ^ ^ ^ 

Xodiacal Uglit. — In the evenings of 
March and April, a cone of faint light is occa- sljiuir 

sionally seen immediately after twilight in the Fig. 24. 

western horizon, pointing in the diicction, and sometimes reaching to the Pleiades, 
from the quarter in W'hich the sun sets, and nearly along the ecliptic. The breadth at 
the base is from 2ff’ to 30"', and its height occasionally 
fifty degrees. This is kiiowm as the ^^oUiacal Ltffht, a 

If V^>' n name which A^as given to it by Cassini. It is vciy 

transparent, since the faintest stars can be perceived 
Wj^k through it, equally as veil as any other portion of the* 

sky, although the glare of its bright light tends to extin- 
1 guish very faint objects. Its nature is altogether un- 

1 know'll. U was formerly considered to be the atmosphere of 

I N the sun, but it has been proved by Loplaqe tliat this could 

not extend to such a distance as the zodiacal light has 
been observed to pass. An atmosphere to tlie si,i|i could only extend to such a distance 
as the orbit of a planet could be situated, whose period dT revolution would be equal 
to that of the sun on its axis, or 25 days, which would bo placed considerably within 
tbo orbit of Mercury. either w'ould the t-am uf smh an atmosphere Sgree with. 
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that observed with zodiacal light, as the eqilatorial and polar axes could not bo 
beyond the ratio of three to two. Its appearance in the heavens may* however, be 
explained in this manner, although the cause is unknown ; and it would seem as if a 
^ lenticular envelope surrounded the sun, 

»- * ^ ® portion of which we see above the 

's J horizon (Fig. 26). 

Seaaona.— If wo admit the 
annual revolution of the earth around 
/ \ the sun, its diurnal rotation on its axis, 

I \ and the inclination of this axis to the 

\ ecliptic, wo can readily account for the 

^ seasons, and the derivation of day and 

— night. The annual revolution of the 

^ ^ earth in its orbit is forced upon us by 

extreme simplicity ; wo cannot ima- 

W'ould revolve around 

M a body 1,400,000 times smaller, as the 

earth is. We thus rank the earth as a 
I planet, obeying all the laws of the other 

I ^ 5 ^ planets, describing an elliptic orbit 

V around the sun in the same manner as 

* ^ . Mercury, Venus, Mars, &c. Another 

f f» ^ i i proof of the revolution of the earth 

' * around the sun is by the well*know’n 

w existence of a phenomenon, termed 

A the Aberration of Light,” aiising 

) from the velocity of light emanating 

I from a star, combined with the orbital 

, motions of the earth. The amount of 
^ ^ this angular displacement has been de- 

termined with great accuracy by astro- 




annexed diagram (Fig. 26) will 
/ elucidate the phenomena of the seasons. 

/ Let 3 be the sun ; T, T', T”, &c., the 

%jiy j different positions of the earth in its 

\ / • orbit ; P Q its axis of rotation invari- 

\ / ably parallel to itself; T A the line of 

\ / the equinoxes ; then at the vernal and 

autumnal equinoxes the sun is in the 
equator, and the days and nights 
11 ere of equal length, the sun illuminating 

at once one-half of the convex homis- 
Fig. 26. phere. When the sun is at the winter 

solstice, the south pole of the earth frs turned towards the sun, and the equator is above 
bis path by an angle of 23*^ 27'. In our latitude, the cold northern henjispbere, the 
nights are longer than the days. At the summer solstice, the north pole is turned 
towards the sun, which is above the equator by its greatest inclination. In this 
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latitude the days are longer than the nights. By an attentive examination of the 
figure, it will be seen that contrary appearances will take place in the southern 
hemisphere. Thus, if we consider the earth in its diurnal rotation at the summer 
solstice, the south pole -will be constantly in darkness. At the vernal and autumnal 
equinoxes, the sun will shine -tn both poles of the earth. 

Had the equator coincided with the ecliptic, the days and nights would be always 
equal, and had the inclination of the ecliptic to the equator been greater than at 
present, there would have been a corresponding difference in the seasons. Providence 
has wisely ordained that this inclination cannot exceed certain, limits ; the seasons will 
not, on this account, be sensibly different in occurrcnco and temperature. 

The Sarth’8 ZSquator. — In all the preceding investigations we have supposed 
the pole of the earth’s equator to remain fixec^ but Ibis is not the case ; and, although 
it retains the same inclinrtion to tho ecliptic, it describes in the course of a lapse of 
years a complete revolution around the pole of the ecliptic. A very simple experiment 
will shew, in the spinning top, that a motion of rotation around an axis may exist, 
without at the same time affecting its inclination, 
the axis of which will describe any figure. Thi-s 
phenomenon is termed the “precession of the equi- 
noxes,” and was discovered by Hipparchus, the 
astronomer, to whom we are indebted for one of 
our most ancient catalogues of stars, lie found, 
by comparing the longitudes of bis catal(*pne willi 
those of some ancient catalogues, tliat Whilst the 
latitudes of the stars were not changed, their longi- 
tudes wore increased in the proportion, as be con- 
sidered, of I*’ in 72 years. Tlio physical cause of 
the precession of the equinoxes was partially ex- 
plained by Sir Isaac Newton, and afterwards mote fully by the celebrated D’Alambert, 
and by T.a Place, in bis Mc'hainque on Ibo theory of gravitation being produced 

by the effect of the attraction of the sun and moon on the excess of matter at the earth’s 
equator, which produces a slow angular motion at the plane of the equator in a con- 
tiary direction to the earth’s rotation. 

Precession of the Equinoxes. — This motion, though slow, being always in the 
same direction, aud therefore continually accumulating, was, as we have seen, early 
remarked, and was one of the celestial appearances that suggested the idea of the j 
Annus Moffnus', or great astronomical pciiod by which so many days and years are 
circumscribed. As it affects the whole hchvens, and as the changes produced arc 
spread over a vast extent of years, it has proved a valuable guide amid the darkness of 
antiquity, and has enabled tbe astronomer to steer his course with tolerable certainty, 
and here and there to discover a truth in the midst of the traditions and fables of tbe 
heroic ages. The accurate analysis of the complicated effect thus produced was a w'ork* 
that surpassed the power either of geometry or mechanics at the time when Newton 
wrote. His investigation accordingly was founded on the assumption that, though not 
destitute of probability, it could not be shewn to be perfectly conformable to tnith ; 
and it even involved a mechanical principle whish was taken up without due conside- 
ration. T^e first who solved this difficult problem was D’Alembert He employed the 
principle of the equilibrium among the forces destroyed, when any change of motion 
is produced, and by means of the equation tbii proportion furnished, this gre& mathe- 
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jKUiticiaa was enabled to proceed with a solution that has never been surpassed ior 
aeottraoy or depth of reasoning. Laplaco proceeded on a more general principle, and j 
with broader conclusiorus. JQe baa shown that the phenomena of the precession nod j 
{ nutation must be the same ; that, whatever may be the irregularity of the depth or cur- 1 
rents of the sea, that nothing can effect an alteration in J:he earth’s rotation on its axis. , 
Wherever the sun in his apparent annual course crosses the equinoctial in spring, 

> there is the vernal equinox ; and wherever he crosses it in autumn, there is the autumnal i 
equinox. The two points of intersection are not, however, the same year alter year, » 
but are subject to a slow' annual displacement westward, so that the sun docs not cross 
the equinoctial, spring and autumn, exactly in the same points, but every year a little 
behind those cl the preceding year. This eiioct is termed the precession of the equinoxes, 
because it accelerates their time, though it is really their retrocession. It amounts to 
* about 60^’' ‘in a' year, or to V in 70^ years, to 30\ or a whole sign, in 2 MO years; so 
that inaomewhat more than 2o,\)00 years, the equinoctial points will complete a revo- 
lution westward along the ecliptic, and teturn to the same poaitionv 

One obvious effect of the falling back of the equinoctial points, is a progressive in- 
crease of longitude in all the heavenly bodies. Hence those stars which in the time of 
Hipparchus were in conjunction with the sun w^hen ho w'as in the equinox, are now 30% 
or a whole sign, eastward of it ; and the constellations and signs of the zodiac no longer 
correspond, as may be seen by reference to a CTlcstial globe. 

The annual precession of the equinoxes, apparently a change in the sun’s pass.age 
kcross the equinoctial, is really a change in the point of the earth’s orbit at wliich its 
two hemisphere’s are equally exposed to the sun The cause of this remained unknown 
till the age of Newton, who showed that it resulted from the form of the cartli, and tho 
unequal attraction of the sun and moon on the unequal masses of matter at the equatur 
and the poles, producing a slow lecling motion of the earth's axis from cast to west, 
and the recession w'estwatd of the crpiinoctml points. P'ig. 28 illustrates its cllect. 

Let S be the sun, T K the pole of the ecliptic, T 1' the pole of the eanh revolving 

around T K, in 



equinoxes, or the intersection of oclijitic and equator, will move from T A, to 
T a, and so on, turning sKiwIy around the centre of the earth. It is evident that this 
progressive change of the direction of the poles of the rarth will have a corresponding 
influemje on tho planes of the fixed stars, and on the commencenicuts of the seasons. 
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as 


.XhuBy.apiriliig coQuaenoes when the lino of equinoTOB is in T' A. The succeeding year 
would have the same oornmenoement^ hut, in the meantime, the line of nodes has 
moved to Aj ; in the following year will have moved toTa', A/,— all passing through 
the sun S. But as the direction of the arrow 
shows direct motions, it is eavly to he seen that ^ 

the intersections precede at every year — for this 
reason this phenomenon is termed, as we have 
already seen, the precession of the equinoxes. V 

In order to exhibit the effect of this -pheno- / 

menon on the planes of the stars, let E E (Fig. jk"" 

*29) be the earth's equator, A B C D the ecliptic, . 

and let the intersections of th e ecliptic and equator 
occur successively .at A', A", &c., in an opposite 
direction to the sun’s fath. These successive 
changes of tbo equinoxes will cause correspond- 
ing changes in the pole P to P' and P'", the 
right ascensions. Declinations of all bodies will 

be changwl, as also their longitudes ; but it will not have any effect on tbe position of 
the stars, the longitudes of which will be constantly tbe same. 

On the Abexraiion of Light.— In ancient times it was supposed that the velo- 
city of light was infinite and immeasurable. Rocmer, a Danish astronomer, pointed out 
in the year lG7o, that in comparing Cassini’s tables of Jupiter's first satellite witn , 
observaUon, he discovered the following fact When Jupiter was near opposition, the 
I eclipses always happened earlier than the piedicted time, and when the planet was near 
' conjunction, the eclipses happened later, the whole difference amounting to upwards of 
sixteen minutes. The tables of Cassini were founded on an extensive series of obser- 

\ vations at all parts of the orbit 
of the planet, and would there- 
fore give a result free from « 
aberration at the mean dis- I 
^ \ jji tance of the planet from the | 
earth. Thus, in the figure, j 
\ T T' T" represents tbe earth’s 
orbit, S the sun, and J J' J" 
the orbit of Jupiter. Between 

! j» T and T" the planet is at 

^ 4 opposition, and is at its least 

^ j distance from the earth — the 

/» eclipses would, at this posi- 
* 1 i on, happen earlier — at T' the 

planet is at conjunction, or 
J at its greatest distance, when 
/ the eclipses w’ould, of courae, 

J happen later about this period. 

• ^ Huygens and others con- 

80. firfhed this assertion of Roe- 

nMr.but tic subject docs not appear to have boon further attended to tUl Dr. Bn^, 

riho ju.ar m oommunicatod to the Boyal ».c. oty the thooroUoal eauae ofU. dta- 
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placement of a star, termed the “ Aberration of Light.” To the same astronomer we 
are likewise indebted for the discovery of the Nutation of the earth’s axis. Without 
these two corrections of Aberration and Nutation, there would be a discordance in 
the prediction of the apparent plane of a star to the amount of 1’ nearly of right 
ascension, and 30” of North Polar distance. To the first of these discoveries, in 
chronological order, we now beg the reader’s attention. 

Picard, and other astronomers, in observations made for the purpose of determining 
the annual parallax of certain stars, found an unaccountable difference of 40” (annually) 
after the application of the Prussian and all other known corrections. Dr. Bradley, who 
confirmed by observations of several stars this difference, explained the theoretical cause 
in the following manner: — Taking for granted that light took 1 8' 3” to pass from the earth 
to the sun at its mean distance, we have the motion of the earth in its orbit during this 
interval equal tS 20'’*5. In the following figme, when ilie earth is atT, the starbeingin 

* the direction E T, it is 

yOE yr evident that the tele- 

/ scope will not be in 

/ ^ this position to see 

/ y' the star; it must have 

/ y^ a certain inclination, 

/ T A or T’ A’, such 

y cross of 

* / ' yy wires placed in T 

describesthe distance 

y ^^ ' -I' virtue of the 
yy^ yyr motion of the earth, 

yy^ r/y whilst that light de- 

/y yy ' scribes the distance, 

~ ' A' T. We SCO, in 

^ fact, that the light 

M’hich passes the op- 
tical centre of the object glass A', when the telescope occupies the position T’ A', 
arrives in T when the telescope has taken the position T A, and can, consequently, 
meet the cross wires, which are then found at the point T. 

. In order that the reader may see clearly ^he effect of the aberration of light 
on a star’s position, wc shall commence with lliC most simple appearances. And, 
in the first place, we will consider the effect of the varying position of the earth in its 
orbit on the place of a fixed star. For tSiis purpose we shall lake as a point of reference 
the place that a star would successively take, when seen from the centre of the sun, in 
the positions of the earth in its orbit. In the next place, "vv f' shall treat of the effect of 
the velocity of light combined with that of the earth in its orbit on a star’s position. 

In the annexed figure (Fig. 3^) S represents the sun ; T, T’, T”, &c., the earth in 
its orbit ; E the place of a star. When the earth is at T, an observer at T will sec it in 
the direction of T E ; the corresponding direction that an observer at the sun would see 
it, would he found by making cE parallel and equal to T S, the radius of the earth’s orbit; 
and drawing S e equal and parallel^n T E, the star’s place would then be to an observer at 
S in the position e ; simtlarly when the earth has moved to T’, making e' E equal and 
parallel to T' S’, and completing the parallelogram, the star’s place would be found in 
In the* same manner, tracing the position of the star throughout the year, it will be 
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found to doBcribe a curve equal as 0 is to tlie orbit of the earth, and parallel to 

ita plane. ^ 

Now, to transfer these appearances to an example, let us take, in the next figure 

^ (Fig. 33), a sphere of which 

•/'y' \ 0 is the centre, A BCD the 

J 3 ecliptic, K its pole, K S a 

y circle of latitude passing 

X through a star as 7 Draconis; 

X yX then, according to the preced- 

X XX ing example, when the star 

X XX is at S, the star will appear, 

-T X X / with reference to the centre 

X * of the spher#, in* a line E^, 

f * * equal and parallel to 0 S, 

V \ / X which cuts the cone in the 

direction p of the small ellipse 

^ mpn It may be remarked 

' * that each .star will appear to 

describe an ellipse in the heavens, w'hich will, for a star situated at the pole of the ecliptic, 
have its major and minor axes equal, or will become a circle, and will gradually become 
more and more elongated aa it ap- y ^ 

proaches the ecliptic, when it be- 
cornea merely a right line. The ma- ^ 
jor axis, m w, of this ellipse is parallel 

to the ecliptic ; and the minor axis, pq^ / X 

is perpendicular to it. Wo have thus / X 

found that when the sun is at S', or at X 

the foot of the (urclc of latitude, the ' 

star should appear at^, and as the /\ 

sun progrt'sscs in its orbit, it should 

successively be found in 7^ y, and w. ^ \ /\ 

Such are the positions that Dr. // 

Bradley calculated that the star should 

occupy in the annual revolution of the m 

earth in its orlui. He was surprised te^ 

to find that the moat distant position 
of the star from the polo of the eclip- 
tic did not occur when the sun was 

at S, hut when it was distant 90Hrom „„ 

' Fjj?, 3". 

this point. His observations of 7 Dra- 
conis W'cre commenced at December, i72d, w'hcn the sun would be about the position 
S of our figure, and the star in the position j» ; but ho found that it gradually went to- 
wards the south, till it attained a position 20" more southerly than at December. 
This occurred at the beginning of March, 1726. It afterwards went northerly, being 
in September more noitbcrly by 39" than it was ^ March. In tlie ensuing December 
the star was found in tbo position of the previous December, after making a proper 
allowance fftr the precession of the equinoxes. 

Dr. Bradley did not, however, rest satisfied till he had repeated the observations 
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with another, instrument, hj one of the most celebrated artists of the day^ 

Graham, which included a larger range of zenith distance. The same rosultk^as- 

before mentioned were arrived at ; 
^ the last instrument gave results iden- 
tical wijth Ihe three foot quadrant of 
Picard, and the twenty-four foot sec- 
ter of Molyneux. He endeavoured 
to trace the origin of the difference to 
the effect of refraction, or a nutation 
of the earth* s axis^ the latter of which 
corrections was then unknown, with 
the exception of the trifling effect of 
solar nulatioHy whoso period was six 
months, and* which at its maximum, 
as determined by Newton, only 
amounted to a fraction of a second, 
^’lie cause was certainly proved by 
Bradley not to be owing to nutation, 
since a star, opposite in right asecn- 
sion to y Draeonis, and at the same 
, distance from the pole, observed at the same time of the y^ar, exhibited differences 
o\ily half the amount of y Draeonis. Had the cause been the effect of nutation of the 
earth’s axis, the same result of fluctuation would have affected both stars by exactly 
the same quantity. 

The effect of aberration may be thus explained. 

(Fig. 3§!f, represent, as before, E the plane of the star. 

SR, and another line R r, parallel to 
the tangent to the earth’s orbit at 

T, which would i>c the direction of 

' • 

the motion of the earth unless res- 
trained by gravitation, the propor- 
tion of R ?' to S R is that of the motion 
of the earth in its orbit to tlie velo- 
city of light. Thus when the earth 
is at T, the star, to an observer im- 
moveable at the centre of the sun 
would, by the effect of the “ aber- 
ration of light,” be seen in the jk)- 
■^sition S Sj looking at the star as if 
he had been on the earth at T. 

Thus, by analogous reasoning, when 
the earth is at T', by drawing R ? 
parallel to the direction of the earth’s 
motion, an observer at the sun will 
see the star in the direction S o'; and^ 
so on. The star would tbei< appear 
to describe a curve in the heavens, e, e% e'*, e'*\ 

There, is a great difference, therefore, between the twn positions of the star, by 


In the figure, T T' T”, Sec. 
If we take with line S E, a part 
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sm' 

taking into aooonnt tho effect of feberration. In the fonacr caae, tfae^ directicn of tbn^ 
visnabray was, for an observer, inamoToable at the sun, in a line parallel ' and equal 
that joining the star with the earth in its orbit, and distant by the radius of' the earths 
orbit. In the latter case, the e^^ct of aberration is to make the star appear in a line" 
parallel to a tangent of the’ea^h in its orbit, and distant by a' quantity in* proportion^ 
to thevelo^ty of light combined with that of the earth in its orbit. 

Fig. ^^will show the real effect of aberration on the position of y Braconis. 
the preceding reasoning, when the son Is at S, the star should appear at m, in thc smair 
eclipse mp n q. The effect* of aberration will therefore be to retard the position of the*' 
star by 90"*, which will agree with Bradley’s observation of Dei'omber, 1726. At’ 
March, 1726, the star had increased its polar distance by 39"', or was found in the posi* 
tion and soon, the succesive positions of the star agreeing precisely with observation. 

Vtitatlon of the fiarth’s After tho discovery of th«f Afferralitm of 

Light, the indefatigable astronomer., Dr. Bradley, prosecuted his observations at Oxford 
and Greenwich, when his zeal and care were rewarded by the discovery of another im- 
portant inequality — viz , Lunar Nutation. After applying Pre( e^sion and Aberration, he 
found that, after a series of observations carried on from 1727 to 1745, that an inequality 
existed, depending on the longitude of the nodes of the moon, whose period was 18 years, 
the existence of which had been previously mentioned by Roemer, but of which i»o 
published account had been given. Dr. Bradley communicated this “ Nutation *of the 
Earth’s Axis,” m a Alernoir, to tho Royal Society, in 1748, in which he mentioned that 
in order to reconcile it with his observations, it would be necessary to assume that th(f 
pole of the equator described a small eliipst' about its mean plane, W'hose major and 
minor axes were respectively IH” and 16”. It was afterwards explained on Sir Isaac 
Newton’s Tiioory of Gravitation, as a necessary effect of the retrograde motion of the 
moon’s nodes, by which the moon’s inclination to the equator varies from 18" to 28". 
By this it i.s evident that this variation of inclination will cause a considerable difference 
in the moon’s attraction on the piotuberant parts of the earth’s equator. Nutation is, 
then, an irnjgularity of TMnar the mean value of which is 35”’9 annually — 

the remaining 11” -4 being principally due to the sun — or the w hole amount of the 
procession of the equinoxes being equal to 50” '3. 

The following explanation will clearly 
show tho effect of a nutation of the earth’s 
axis on the position of a star — 

It has been pi'« viously explained that the 
pole of the equator makes a complete revolu- 
tion around the pole of the ecliptic in a term • 
of about 25,001) years, and that it is termed 
the “Precession of the Equinoxes.” In 
Fig. 3^ (w hich is not in exact proportion to 
the phenomena), T K is the pole of the eclip- 
tic, and T 0 the pole of the equator, the 
angle K T 0, or the obliquity of the ecliptic, 
being 23" 28'. In consequence, however, 
of ttutatioij, the polo of the equator, T 0, 
does not preserve the same inclination to the 
pole of the dcliptic, hut moves on tho surface of a little cone at the elliptic base, 
T iw n m' n' ; still, however, the cono itself describing its revolution around the pole of 
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the ecliptic, which is the ** Pxeceeaioa of the Pqulnosces/’ as before stated. The motion 
in the smaller cone, around its ocntre, 0, will eridenily cause the pole of the equator 
to be alternately on one side and another of its mean plane. The major axis of this 
ellipse, m m\ is directed in the*plane which passes through its axis, T 0, and through 
the perpendicular, T £, to the plane of the ecliptio—it^ amplitude is The 

smaller axis of the ellipse is 14'' *4. The pole, P, makes a revolution of this ellipse in 
the space of 18 years, returning to m each time that the ascending node of the moon is 
found at the spring equinox. To know, at any time whatever, what is the position? of 
the pole on the ellipse, wo must imagine a circle described on the major axis, m m', as 
a diameter, and to suppose that a point, Z, describes uniformly this circle in the direction 
of the arrow, in a manner to come hack again always to m at the times at which the 
pole ought to be found there. At any time whatever, the pole, P, is always situated at 
the point of meeting the ellipse, m m d', with a perpendicular to its major axis, drawm 
through the position that the point Z occupies at this instant.*' 





ON THE MOON. 


This object^ tlie most valuable in relation to mankind : — whicb serves as a guide to the 
mariner in the trackless path of the ocean, and whoso influence, combined with the sun, 
produces the tides, will next claim our attention. Viewing its path in the heavens, wc 
find its motion to be the most rapid of afiy other body ; the earth^s changes of position 
which, with reference to the sun, amounted in the course of a day to 1®, will, for the 
moon, be more tbaii twelve times that quantity. In consequence of this quick dis* 
placement with reference to the stars, its motions have become a most valuable means 
of determining, at any instant of time, the position of a vessel at sea. 

Her appearance, and the breadth of her illuminated disc, vary every moment, 
showing that hu is an opaque body which receives light from the sun. The disc, 
however, during each successive lunation, aljrays presents the same physical appear*^ 
ances ; and we have never been able to perceive the other hemisphere, which can 
only be seen when in conjunction with the sun, or at that time when the darkened 
hemisphere is directed to the earth. This arises flom her rotation on an axis, in a 
period nearly coincident with the time of her sidereal revolu tion* 

A most striking proof of the opacity of the body of the moon is shown by a phe- 
nomenon frequently visible— viz,, the oocultation of a star by the moon. In conse- 
quence of the proper motion of the moon from west to east, she will pass over or occult 
in her march all th6 fixed stars in her path. Before full moon, we see the star disappear 
at her unenlightened hemispbore and reappear a^tbe illuminated limb. The time of 
the oocultafion will depend on the motion of the moon in her orbit, which can tlitia 
be calculated with great precision, and is found to agree exactly with obaerva^on. 
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Fluuie* ^ tte pfasset m ^ut ei^iliused If we assume that the 

moon desorib^ a eirole around tibe ecrtih, and tlbit die a^ iaufinitely* distant, we shall 
find that the fays of ftom the auiii^ always he parallel^ and will only illuminate 

one-half of the eonyeoa hemisphere limited by the ]liiie ssn (1%. 117)* But to a spectator 

an the earth, at T, 
dm illuminated por- 
tion will bo limited by 
the Boa jp g, directed 
peipen^eularly to the 
ndiw of the moon’s 
orbit. Thus at new 
moon, or A, the en- 
lightened hemisphere 
if turned towards the 
anil, and the darkened 
port to the earth, when 
it is^ consequently, in- 
Tisible, except in pe- 
culiar circumstances, 
called ** eclipses of the 
sun,” when its diame- 
ter obscures for a tinu‘ 
that luminary. At 1» 
a small portion of the 
enlightened hemi- 
The enlightened por. 



sphere is seen from the earth. At C it is at its first quarter.” 
tion increases gradually 
till it becomes a maxi- 
mum, or is in opposition to 
the sun. At G it is again 
on the wane, or at its last 
quarter, decreasing gra- 
dually, but in a direction 
opposite to the first ap- 
pearances. At H it is 
again found in conjunc- 
tion. The above succes- 
sive appearances are 
shown by the annexed 
diagrams.; When themoon 
passes into the region of 
the heavens where the 
sun is, it is invisible. At 
the end of a few days, a 
careful ohsenror will see 
the moon after^snn-set in 
the form of aere8cent,with 
its convex side to the right, as in A (Fig. 38) ; this disappears under the horizon' after a 
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Bkcftt period under the horizon. For Botae daTS the aame appearanoea piwe!^ themselFea, 
the orescent becoming broader at its centre, as in B, and remaining l^e^ abore the 
horizon. Six or seven days more and the crescent has nearly disappeared, and a half 
moon presents itself to ns, oij in C. At this period it is sufficieDtly distant from the sun, 
and crosses the meridian six hcairs after it. IDiie moon continues to increase, first to 
three-fourths, and finally to a full circle, as in D and E. In another week the waaang 
moon, which is seen in the morning, assumes the appearance of F, G, H and I, the con- 
cave side of the crescent being now to the left. 

If the moon did not revolve on its axis during this progress, we should not have the 
same spots visible on its surface at each position in its 
orbit, in nearly the same direction. We are thus led 

to infer that the moon makes a corresponding turn V 

on her axis, in the intervi^ from conjunction to con-^ 
junction. Thus, if the surface was without motion, 

while she moved in her orbit from L to L' (Pig. 39), / ^ 

the position L a would take a position L' h ; but during y'' % 

this time she has revolved on her axis through an / 
angle b 1/ a, equal to the angle L T L' described in / . f \ \ 

her orbit. Similarly, we find that when she has ® ‘^T ; 

described an orbit of 180"* or 270'’ she has rotated 

on her axis by an equivalent angle. / 

ZiibzAtioii of the Moon.— Seen through a tele- 39. * 

scope, there is another phenomenon called the libralim^ which enables xm to perceive a 
small portion of the disc, otherwise invisible. The first, or the Ubratwn in longitude, 
arises from the two motions of rotation and translation not being exactly equal, and 
thus the appearance of the moon’s borders will likewise partake of this inequality. 
The sewnd arises from the circumstance that the axis of rotation is not exactly per- 
pendicular to the plane of its orbit, but is inclined to it by an angle of 6'’ 37’. 
This is called the libration in latitude, tThus, when the moon is at L (Fig. 40), wc 
pee without diftjcuUy the pole y, but cannot^ perceive the opposite pole p. But when 
the moon is at 1* the pole/> becomes visible, while the pole q vanishes from our view. 
The position of a spot near the moon’s equator at a, would, therefore, to a spectator 
on the earth, appear in different positions ; this libration is directed perpendicularly 
, jy ^ plane of its orbit, 

/ \ 01^ nearly to the piano of 

( I y ecliptic. 

^ Finally, there is a 

Fig. 40. third libration, called the 

diurnal libration, which depends on the positions of the moon to an observer on the 
earth’s surface, in the interval from rising to setting. In consequence of the proximity 
of the moon, the spots will not retain the same positions at rising and passage across 
the meridian, but the effect at its maximum is only 32”, and is scarcely worth 

Pazallax of tlie Moon. — Before attempting to deduce the orbit that the moon 
describes around the earth, wo shall find it imperali»ely necessary to correct the 
of obsorvatien for Parallax.” Parallax is the angle which^he radius of earth sub- 
tends at the moon. It is felt entirely in a vortical direction on the meridian, ^smd can 
be determined in the following manner : — 
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moon’s path in thk heavens. 

If tUe zoiiith diatanoe of tho moon’a centre be observed by two astronomers at two 
B stations) differing considerably in latitude north 

and south) as Greenwich and the Cape of Good 
Hope, as (B and C) in Fig. 41, we shall have 
* th^ngles Z B L ;\nd Z' C L. The latitudes of 

the two stations, B 0 E and COE, are well- 
known, and their difference of longitude is also 
accurately known. The motion of the moon in 
zenith distance is known to a groat certainty, and 
thus the data are perfectly comparable. If the 
moon w'cro as distant as the fixed stars, the sum of 
the zenith distances thus found would be precisely equal to tho sum of the latitudes, 
north and south, of tho two observatories, when proper aliowance has been made for 
refraction. But the effect of parallax will be in both cases to increase the apparent 
zenith distances, and the observed sum will be greater than the sum of the latitudes by 
the whole amount of the two parallaxes. In this manner, by corresponding obser- 
vations of the moon at her meridian passage, the constant of tho horizontal parallax has 
been determined. 

In its practical application to the results of observation, it is customary to correct 
the zenith distances for the angle made by the direction of the plumb-line at each 
station, and a line drawn to the centre of the earth. This is termed the angle of the 
Vertical, and its value, as well as the radius of the earth at the two stations, are known 
from tho ** figure of the earth.*' The point of reference to which horizontal parallaxes 
are referred in the case of the moon is the radius of the equator, and in this manner the 
individual results of observation are corrected for the effect of parallax in altitude, 
which varies as the line of the zenith distance. 

The Moon’ a Path in the Beawens. — By the transit instrument and mural 
circle, we are now able to trace the path of the moon in the heavens, after properly 
applying the corrections for parallax and sepai-diameter before mentioned. We thus 
determine its angular displacements with] respect to the equator, and find that it 
describes a revolution in a period of about 27 days, returning nearly to the point of 
departure ; but if, during several lunations, its progress is watched, we shall find that 
its inclination to the equator differs by an angle 
varying from 18° to 20°. Instead, however, of 
referring to the equator, if we use tho ecliptic, 
we shall find that it constantly preserves tho 
some relation — viz., an inclination of^about 
5° 9\ 

The figure (Pig. 42) will show the orbit of 
the moon in its progress through two lunations. 

E' E represents the earth's equator, A B C B 
the ecliptic, and A B G D the orbit of the moon, 
inclined to the ecliptic by an angle of 5° 9'. 

The intersections of the orbit N' are termed the 
nodes. Supposing K to represent ^ho node at 
one lunation, at the next itVill be found to have 

retrograded to E', and at each succeeding lunation in tho same manner, always preserving 
the sanft inclination to tho ecliptic, till, at the end of about 19 years, it returns to the 
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position N. This will naturally cause a variation in its inclination with regard to the 
equator, which is shown by the figure (Fig. 43). 

Let A B C 0 be the e«iptic, E E the equator, N L N' L' the orbit of the moon, 0 P 
the axis of the earth, 0 E the axis of the ecliptic, « 

and 0 R the axis of the moen’s orbit. ln,the 
motion of the axis of the moon’s orbit around the 
pole of the ecliptic, it will describe a small circle, 

R R' R", around the point K, The axis 0 R 
describes a cone of revolution of which the axis of 
the figure is the lino 0 K. In this motion the , 
angle of 0 R with 0 E is always equal to the 
inclination of the moon’s orbit, or 6® 9’. !Jhe 
inclination that the equator will make with the 
moon’s orbit will bo successively the angles P 0 R’, 

P 0 R, and P 0 R", and as the angle P 0 K is 
the obliquity of the ecliptic, or 23® 28', the angles 
P 0 R' and P 0 R" will be the minima and Fig. 43. 

maxima inclinations, being 18® 19' and 28® 37' respectively. 

Motion of the Apsides. — ^The line of the apsides of the moon has been found 
to have a very rapid, though not uniform motion, amounting to 6' 41" daily, which is 
direct, or according to the order of the signs, and the major axis of the ellipse ihus^, 
makes a complete revolution in 3,232.J day*^. In one hundred Julian years, or 36,62^ 
days, the lino of the apsides makes clevau complete revolutions 4 - 109® 2' 46" *6, and 
at the present time this motion decreases .50"’4203 in one hundred years. The longi- 
tude of the perigee may be calculated for any period — that in 1801, January 1 (Paris 
time), being 2G6® 10' 7"’6. The Jjue longitude of the moon, supposing it to move in 
an elliptic orbit, whose eccentricity was 0*0548442 in parts of the semi-major axis, or 
the greatest equation of the centre was 6® 17' 12"*7, might thus be colculated for any 
period in the ordinary manner; but a, great number of minute conections must be 
applied to it before the tabular plane, Ibus obtained, wofuld be found to agree with the 
observed plane of the moon. 

Syection, Taxiation, and Annual Equation. —These are the three greatest 
periodical fluctuations of the moon in longitude. The effect of the evection can be ex- 
plained by a diminution of the equation of the centre, when the moon is at opposition and 
conjunction, ana by an increase in its value when at quadratures ; the amount of the cor- 
rection in the latter case not, however, being so considerable as in the former. If we 
suppose the line of apsides to be in syzigy — thfft is, new or full moon — the observed longi- 
tude will be found to be 80' greater than the calculation ; and if the apsides are in quadra- 
tures, or first and last quarters, tho observed will be found to be smaller by the same 
amount. The evection depends on tho double of tho elongation of the moon from iho 
sun, tho mean anomaly being subtracted from the piQdnct, and the coefficient of this 
quantity, amounting to 1® 20' 30". Hence, when the apsides are in syzigies, at which 
period the eccentricity is greatest, the greatest equation of tho centre is 7® 39' ; and 
when in quadrature, at which it is smallest, it is only 4° 58'. At the latter position of 
the apsides, the grafvitation is greatest at apog^H and least at perigee ; and in the 
former cast the gravitation is greatest at perigee, and least at apogee, and, consequently, 
tho eccentricity of tho orbit is increased. Tho discovery of the equation of tho centre 
and evection is due to Ilippnrchns and Ptoh v.iy. The more accurate observations of 
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Tycho proyed the existence of a second irregularity, which is termed the variation. 
The obseryed planes disagreeing with the computed act of .syaigiea and quadrature 
sometimea as much as 37' when the line of apsides was in the octants, Tycho found 
that it depended on the elongation of the moon from the sum The cause of this is the 
position and distance of the sun and the earth ; for whep the sun's disturbing force is at 
right angles with the radius vector, the moon's motion is accelerated from the quadra- 
[ tures to syzigies, and retarded in the contrary direction. The coefficient is 36' 42", 
and the argument is double tbc elongation of the moon and sun. The annual tgiuxtiom 
follows nearly the same law as the equation of the centre of the earth's orbit, only with 
opposite signs. This is greatest in the months of March and September, but almost 
vanishes in Juae and December. From this it derives its name — the period being an 
anomalistic Bolarvear, and the coefficient 11' 13". The motion of the moon, in consequence, 
is slowest in wiiiter and quickest in summer. It is due to the disturbing force of the sun 
in different parts of its orbit, being greatest at its least distance, and least at aphelion. 
The greatest of the periodical disturbances of the moon in latitude depends on 
twice the elongation of the moon from the sun, from which the distance of the moon 
from its nodes being subtracted, the coefficient is 8' 48". In addition to this, there is 
another remarkable inequality, depending principally on the compression of the earth 
at the poles, and which may be termed the spheroidal inequality. The theory of 

universal gravita- 
tion has come to 
the aid of obser- 
vation in detect- 
ing numerous in- 
equalities which 
observation alone 
would scarcely 
ever be able to 
discover, and has 
explained all those 
wliicli were pre- 
viously known to 
•exist. 

BSotion of 
tlio Moon in 
Space. — The 

curve which the 
moon dt‘8cribes in 
space may be laid 
down in the fol- 
lowing simple 
manner : —Let the 
earth, T (Fig. 44), 
pass round the 

^ ** sun, S' in the 

orbit T, T', T", &c. .An ohserver on the earth will see the moon in vario js posititms 
in reep^t to the sun. When the earth is at T, the moon will be at L or in con- 
junction ; when at T', the moon will be a L', or at its first quarter ; at L" at full ; at 
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L'" at laat quartet; mud mm tae earth, deflcribes its path around the sun, it follows that 
the curve dwerihod by thm^ioon in ^»mce will pass through the points 14 Jj', L' 
L'", &c. This line ia represented in the diagram as considerably more ourred 
than it really is, the diftAnqs T L being only of the distance T S. 

On tism Bburrmmt Xmonm~The phenomenon of the harveBt moon, when for some 
nights together at that period of the year the moon rises nearly at the same time, 
depends on the inclination of the ecliptic with the horizon. That part of the ecliptic 
in which this inclination makes the least possible angle lies in the constellation Aries 
(in north latitude), and when the son is in Libra, as at the time of the autumnal 
equinox, the moon, when mt full, will be near the hrst point of Aries and but little dis- 
tant from the ecliptic. It is clear that, when at this part of its orbit, as it trayels from 
west to east, the times of snocessirc rising mnit be within a short period of^eaoh 4}tber ; 

and if the ecliptic were wholly parallel to the * 

horiason, then it would rise exactly at the same 
time on each night. As the moou, however, is 
a little inclined to Ihe ecliptic at some periods, 
this will make the dilFcrcneo even less. In the 
latitude of London, the least possible diifcrence 
between the times of successive rising of the 
moon has been calculated at seventeen minutes. 

When the constellation Z^ra rises, the ecliptic 
makes the greatest possible angle with the 
horizon, and the differences between the* times 
of successive risings oi the moon is then 
greatest. This takes jilace with the full moon 
at the time of the vernal equinox, and the 
greatest possible difference in the latitude of 
London is Ih. 17ra. 

Fh3rsical Constitution and Xela- 
soopic Appearance of the Moon. — ISo 

celestial object is better known to us, by moans 
of the telescope, than the moon; and instru- 
ments have been constructed which shorten its 
distance by a thousand times, end thus brings it 
optically within less than two hundred and 
fifty miles of the earth. In viewing it, the 
observer is immediately struck wdih the rougli- 
nesa of its surface, and the numerous circular 
formations, which appear as if surrounded by a 
steep and high wall ; whilst those are by far the 
most numerous, there are also caves and hilly ^ 3 ^ 

prominences. There exist also immense moun- 
tain chains, which for extent and height appear to surpass even those of the earth. 
Immense ridges, rising up from the open]'plain s, are remaritable for their height sad 
brightness, as well as for the numerous peaks and^^minenc^ into which the surface is 
separated.* One of these is very visible ^[in^the interior «f the cresoent of the meoai 
when about half-full, and can even be seen as a notch in that porUon, with nsfced 
eye, from the shadow which it casts upon the v\ion plain. This part is seen in the aecoBH 
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panjing repreaentatian of tlie moon when half-full (Fig. 45), and the mountain chain to 
which it belongs is a part of the Lunar AppmineSf some of the peaks of which are 
calculated to be upwards of five thousand feet in height. Although, however, 
the general surface of the moon is rough and uneven, and thf largo circular moun- 
tains ere extraordinarily plentiful, especially in the southern hemisphere, yet 
some portions are nearly level and of great extent. When the moon is full these 
portions appear as dark grayish spots, and give it that appearance which has been ; 
likened to the human face; and as the moon cannot cast any shadows at this time, I 
it follows that this must be their natural colour. These are known by the name of | 
ssos, and still retain that appellation; although, when examined, by means of the 
telescope, they have not any appearance of being sheets of watery but seem to bo | 
large level alluvial tracts of land on wfiich craters, peaks, cavities, and long banks 
are plentifully Scattered. Theje seas take up a largo portion of tbe lunar siufaco, 
although it is only the most extensive which are seen with the naked eye. The 
smaller ones are known by the names of bays, lakes, and marshes. They vary 
considerably in intensity of colour, and some of them have been even noticed of a 
grayish tinge. The greater number of these seas were named by Eiccioli, who, accord- 
ing to the spirit of the age, called them, in the astrological manner, Marc Imbrium, 
Humorum, Serembates, &c. If we view the other portion of the moon when at the 
full, they might be mistaken for a crude, chaotic mass of crystallized or frozen frag- 
r ments, without shape or termination. It is only when examined in its various crescent 
aspects, with good telescopes, that the various formations are seen, as it were, raised 
above its surface, which to all appearance they are when viewed in this bold relief. 

The most remarkable of the lunar mountains are those of the circular shape, 
which are not, however, equally regularly defined all over its surface, some of them 
being quite perfect, and others misshapen and broken. The larger of the annular 
mountains, token in general, do not possess the same regularity of structure as the 
smaller ones. For the greater part they have a level interior, which in many instances 
is very irregular ; and the wall is but seldomtpqually high or broad at all parts, which 
will not, however, be perceived at first ; and it is only when the sun has just com- , 
menced to illuminate the tops, that the shadows arc noticed to be so rough and 
irregular. The exterior is frequently surrounded by hiuh rocks, which are often more 
elevated than the waE. In some f jw instances the interior surface is perfectly level, 
as in Plato, Aichimedes, and the eastern portion of Stofflis ; but for the most part 
they are covered with mountains, mountain chains, and craters of various depths and 
aizes. In several instances, tbe chain of mountains in the interior is quite straight 
and regular, and divides this surface into' two parts more or less equal. These moun- 
tains are not in general so elevated as those w'hich surround them. It is but rarely 
that those which arc level in the interior, and may be denominated the waUed plains j 
are quite circular in form. The wall which surrounds them is generally uneven, and 
in many parts is completely broken away ; sometimes those appear as gaps, and in 
other cases the broken portion is completely levelled with tbe soil. In some cases the 
wall IB wantmg for a sixth part of the circumference ; in others for one-fourth, or 
even one-third ; but in these instances there is mostly some trace of a continuation of . 
the real wall a difierence of bri|'atness, or a succession of small hills. The walled 
plains may thus be considered to bear some affinity to the bays and some neighbouring 
portions of the great seas, as to the splendid Sintui Iridum^ which, for a considerable 
portion of its boundary, hears a resemblance to some of the lai-ger walled plains. 
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By far the greater number of the walled plains are seen in the eonthem hemii^her^ 
where they are interlinked among each other in great plenty, and where it is a difficult 
matter to distinguish them properly, or to mop them with the requisite distinctness. 
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In the northern hemisphere they arc less common, but appear to greater advantage 
from being more isolated ; and it is here we boo the more regular specimens of this 
class, as Plato and Archimedes, It has been remarked that, in numerous instsnees, 
the walled plains appear ranged in a row in a north and south direction ; and if the 
southern part is viewed at the first and last quarter, in that portion which separates 
the Mare Kubium from the hilly parts of the 8outh>west quadrant, a row of these 
formations become plainly visible, some of which are of considerable magnitude a^t]^ 
curiously entwined with one another. Similar to the circular-walled plains in shape, 
but mostly of smaller dimensions, arc'lhe circular-walled concavities, whose diameter 
varies considerably ; and which, like the latter, are best seen in the northern part 
of the moon, thongh they are plentifully distributed in other parts, in the moun- 
tain chains, in the level seas, and even in the interior of the walled plains. The 
interior is mostly regularly concave, and in general they are furnished with a 
central peak, which occurs likewise, though not so frequently, in several of the walled 
plains, os may be seen in the accompany iog representation (Fig. 46). The interior portion 
of the wall i.s much steeper and considerably smoother than the outer. The central 
peak has no connection with the surrounding wall, and never attains to the same 
height, and frequently not even the same elevation, as the surrounding country, while 
in many cases they are so small as to be seen with the utmost difficulty. The smaller 
walled concavities are almost always without them. The central peak is in general 
very steep, but it sometimes happens that it takes the form of a mountain of gradual 
ascent, and, in some instances, a mass of mountains, as in Gassendi. In the great 
annular mountain Tycho, which presents such a fine appearance at the time of full 
moon, the central peak is very steep and high. In some of the annular moimtains,^ 
instead of the central part being occupied by a peak, it is frequently the locality of a 
deep crater, although this is not so exactly situated in the centre, as the peak generally 
is. It has been remarked that the very dark walled plains and concavities are mostly 
without any central mountain or peak, as is the case in Julius Csssar, Plato, Endymion, 
and many others of the same class. The central masses of mountains are, in genera], 
very steep towards the summit, but are surrounded by low scattered mountains at the 
base. Several of the walled concavities arc efficient y the same manner as the 
walled plains, a greater portion of the outer wall being broken down, and several 
gaps apparent in the circumference. The pits of the walled concavities aw deeper 
than the surrounding country, the exterior height of the wall being generally one-half 
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or oiie*t^ird of tho iiitenor. But there is no proportion between the diameter and depth of 
the amiular mountains, the smailcr ones being sometimes deeper than the lai^ ones. 

The walled monntams form but a small portion of the circular formations on the 
moon. Far more numerous than those are the eraterSf by i^hich name arc designated 
the smaller concavities which present littlo or no sppemnoo of a wall, and some of 
which are so minute that they can scarcely be perceived with the best telescopes. In 
some parts they are so numerous, that the lunar sur&oe praents lha appearance of a 
spongy mass coveared with innumerable minute pores. Some of these craters, small as 
they appesTy are famished, like those of the former class, with a miniature peak in the 
centre. These are found at all portions of the moon, and are very plentiful in the 
interior of the walM concavities and plains, in the rocky chains and seas, and the 
level Burfacer. When the moon is full, they appear aa bright specks. They require a 
favourable time to be seen at al.J properly, for, unless the sun is at a favourable alti- 
tude, they can scarcely be perceived. 

In viewing the moon when at full, several radiating bright streams will be noticed 
proceeding from many of the mountains, which pass to considerable distances from their 
apparent centres. None of the mountains, however, are surrounded by those bright 
radiating streaks to the same extent as Tycho, and many of them proceed to a distance 
of 50t) miles. It is scarcely possible to imagine that these could be streams of lava, 
which flowed from the central eruption, and it is more plausibly conjectured that the}’’ 


I must have flowed upwards through fissures, produced by the central explosion of the 
I volcano. In either case, 

however, it may servo to 
give an idea of the tremen- 
dous force of action required 
in order to cause these ap- 
pearances. ■ 

Height of the Xtonaz 
SISotintains. — ^'ho height 
of the lunar mountains is 
l(*und either by observing the 
I i j , : distance of the illumined 

{ ; ’ \ summit of a mountain from ; i i i i 

I *' generally ill umina led iK)r- j ’* 

i ^ \ ; tion of its surface ; or, other- j / j i jX j 

y ; i \‘ wise, by the length of the / I I ; \ 
i !'■ shadow which it casts upon M I : r 

« V •/ J plane. Both these y / 

Xv methods will be easily un- \. j 

■ — jr derstood from the following ^ 

fig. 47. considerations. Indeterrain- Fig, 48 

ing their height by the former 

method, we find the distance of the illumined summit a (Fig. 47) from the moon*s illu- 
mined edge e e, and we perceive that it is a tangent to the^eircle p q nf. Knowing Uie 
two sides o s' and o a* of the fight anf led triangles, we^calculate o a' zz: \/ . 

which is the distanee of the summit of the mountain from the centre of thesnoon, and 
hence, subtrsoting the radius o tfj the remainder gives tiie height of the moon above the 
moon’s surfliee. By this method we find its height in seconds of arcs, and this is nothing 
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oliefhan ifwtsoliMmitM^^ miSb^Vmh ot ^ mom, Itslitit^t msywifybe 
obwsfTod iR §Btst, 1a gWMfil tbiv gietibod will ghre too BmATl a value^of tiie 
9M tibo 0ttA Auiy liAiTB irffeoiio OA the moaotiiii for too great a length of time pretiouily. 
It wuhj Aieaiis tlmt^Herelias aa4 Galileo ascertained the heights of many of 'te 
lunar mouAtaiilSy aoM of wBidh apjiemd to he as high aa.fiae Eeglieh miles. More re- 
cent dbseirations hare shown them to he Tory high, though not of such altitude as thia. 

This method, howerer, is not applicate unless the moon is in quadrature, or hidf- 
full. The seooiid method has been more commonly made use of on that account. As 
the mountain a (Fig, 48) casta the shadow .o c, the length of this is measured by 
means of the micrometer. Describing the circle py q, r, s, the solar ray directed 
towards h ^ will out the ciiole in The distanco = ed being measured, and 
the radius ec known, and the two sides of the right-angled triang]p o d d, the angle 
0 c' d is known, and consequently the angle o d a\* In the triangle 0 d a' we thus 
know the sides o 0 , and c* a, and the included angle, and consequently the side 0 a*. 
Subtracting the radius 0 e\ the height of the mountain casting the shadow a is 
determined. 

Many observers have perceived bright spots on the dmlt portion of the lunar disc. 
Sir W. Hersche! describes three which he onco saw upon it, two of which appeared 
almost extinct, but the third was more lumi- 
nous, and resembled a piece of burning 
charcoal covered with white ashes. A 
similar appearance was once noticed with 
the naked eye by two observers at Norwich 
and London. When the positions of those 
spots have been examined, it has been found 
that they are almost always situated at the 
brightest, and consequently the most reflec- 
tive, porti(»ns of the lunar surface. When 
the disc of tho moon is illumined by cm-th- 
liyhty as is tho case when slightly crescent., 
or, as it is commonly called, the “old 
moon in tlic new moon’s arms” (Fig. 49). 

Those bright parts, which return most sun 
light, also refl*»ct the earth’s light stronger 
than any others. The mountains Kepler, Tycho, and Copernicus are tbiifl frequently 
visible in this manner, as also the bright inqpntainous districts. But, above all, Aris- 
tarchus is most commonly visible at those times. This is the brightest jmrt of tho 
moon, and was thought by Hevelius to be a burning volcano of sulphur and saltpetre. , 

In the engraving at head of this chapter, let us suppose B, tho earth, to be 
opposite the sun in the tropic of Capricorn on the 21 st of December, the longest night 
in the year, and moon full in the tropic of Cancer, the horizontal line to be our horizon, 
showing that tho diurnal arc of the sun is small, while the moon has a verj^ largo one to 
traveiue. The contrary of this takes place in the summer scdstice. This explains why the 
moon in summer seems to describe a very small, and in winter a very large arc- C repro- 
sents tbe moon in various positions in reference to fie earth and the sun. In the first and 
second figures ehe is in eonjunction, or directly between the earth and the sun. In 
next figures the earthis interposed betweai the sun and the moon. D shows how.lheellip- 
tical orbit of planets is produced by the co-operation of attractive and tangential forces. 





ON THE PLANETS. 

« 

Among the more lustrous objects which arrest our attention in the heavens are those 
which, since the earliest times, have been known by the name of TUmU^ from their 
erratic course among the fixed stars. The variable brightness of Venus, the morning 
and evening star, as well as those which appear at all times of the night, claim our 
attention equally with the sun and moon. Five of those objects^ were known to 
the ancients — Mercury, Venus, Mars, Jupiter, and Saturn ; the first of which is but 
rarely seen with the naked eye in oqy latitudes, in consequence of its constant 
proximity to the sun, although a sparkling object, and much brighter than any of the 
, fixed stars. These bodies, it will be perceived, do not, like the sun and moon, move in 
one constant direction from west to oast, hut sometimes direct, sometimes retro- 
grade, and at otdier times stationary. It was noticed, however, by the ancients, that 
whatever might be their movements in longitude, their latitudes did not depart much 
from the ecliptic ; and a zone of IG^’ in breadth, or 8® north and south of the ecliptic, 
B D, contained all the ancient planets. This was termed by them the zodiac, and was 
divided into twelve equal portions, the signs at which it cut the equator, or the line 
of the equinoxes,' being in the consfbllations Aries and Capricomus. 

If Venus, the most brilliant of all the planets, he observed in its passage through 
the heayens^ it will be seen that, in the course of a few months, it describes in the sky 
j a very irregular circle, ond that it oscillnles to a oertnin distance on each side of the 
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Bun, sometimes rising before it m great brilliancy in the morning, and subsequently 
setting after it in the - 

evening, and then for 
a length of time being 
altogether invisible to 
the naked eye (Fig. 

50). It thus appears 
at an epoch nearly in 
the direction of the 
sun S, it then passes 
from S to A, and then 
returns from A to S ; 
and having passed the 
sun, it goes from S to 
B, and finally returns 
to it in the contrary 
direction, or from B 
to S. When an even- 
ing star, it is seen 
between S and A, and 
between S and B in 



Fig. 50. 


the Borninc. Its latitude varies in the snmo manner. The greatest elongation from 
the sun never exceeds 47i’, and is never less than 45’ ; and at those points ito motira is 
^ considerably slower than 

when near the sun. In 
order to explain the oscil- 
Ifttorj'^ motion of V enus in 
respect to the sun, the 
ancients imagined an epi- 
cycle similar to that al- 
ready mentioned in the 
case of the sun. If T be 
the position of the earth, 
it was supposed that V 
the planet described an 
orbit round the centre C, 
which had a motion itself 
around the earth, the 
three points T C S being 
always in a straight line. 
At the times of greatest 
elongation, the planet was 
in the direction of T A 
and T B ; and in the in- 
termediate times its ap- 
Iff ^ parent motion was somo- 

• Fig. 61. times from vesi* to east, 

snd at other, from east to west, or retrograd. If Venus be, however, exami&ed with 
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the telescope at its yarioua distances iram the sun, it will be seen that iti diameter 
yaries greatly, and that its disc imdergoes a series of changes similar to those ol the 
moon. By obserying those in its different positions, it will be perfectly apparent that 
they agree with a motion of the planet round the the sun, it being supposed that 
the planet is an opaque globular body, of which one l^misphere is illuminated by 
the sun. If the sun S (Fig. 61) bo supposed to reyolye round the earth X in the 
direction of the arrow, and the Planet Y around the sun, at the point where it is in 
a lino with the earth and sun, and the hemisphere turned towards both illamined by 
the latter body, its disc will appear wholly illuminated by the latter. At the points 
V' and V"', where the angles S V' T and S V'" T are right angles, the planet will 
appear as half-full. At the point V" the illuminated portion will be completely turned 
away from the cast, and it will thcrefore^be inyisible, but would appear on the sun as 
a dark spot, and Ut its greatest diameter. In the positions between V and V', and V 
and V'", it will appear more or less gibbous ; and betweeif V' and V", and V" and 
V'", as crescent. The appearances of the planet and comparative sixes of its disc, 
under these circumstances, will be seen in the accompanying representation (Fig 52). 

The magnitude of the illuminated part can readily be obtained for any epoch by 
the following simple construction : — The plane of projection being perpendicular to a 
line joining the earth and Venus, the boundary of the illuminated hemisphere will be 



projected into an ellipse more or less eccentric upon it, and the minor axis will be in 
the same proportion to the major, as the radius is lo the cosine of inclination hetwcon 
the two planes. The inclination is the angle at the centre of Venus, formed hy line's 
drawn to the sun and earth. 

The greatest and least diameters of Vanus are about GO" and 10", as seen from the 
earth ; and it follows that if r bo the distance between the sun and Venus, that the 
greatest and least distances w ill he 1 -J- r, and 1 — r between Venus and the earth. 
The relative distances of Venus and the earth from the sun may therefore be found, as 
the extreme distances will be in proportion to the extreme diaineteis, or 


1 -4- r : 1 — r : : 60 ; 10, or r : 


! ^ 0-72. 


The distance of Venus from the sun is therefore of that of the earth. 

Whilst the planets Mercfmy and Venus can only he separated by a certain difitance 
from the sun, and only perceived in the mornings and evenings, the other planets 
which afe known at the present time can he soon at all parts of the sky, and pass the 
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znsridian at anidiiight wh^n it is in opposition. The first are called twfer irtr^ the 
latter the superiw {danets. The apparent course of the latter in the sky are^ however, 
equally irregular as the former, for the greater part of their reTolution they are direct, 
and for a short tiine retrogpado ; their motion is sometime^) slow and sometimes fi^, 
and their latitude is equally variable. Mars returns to the same position in the 
heavens in 687 days, but preserves its direct motion for 707 days, whilst its retrograde 
motion varies between 61 days and 81 days; but the direct motion, combined with the 
retrograde motion ubich follows, comprises about 780 days on the average. When in 
conjunction with the sun, its motion is always direct; but when in opposition, it 
becomes retrograde, and the arc of the latter may vary between lO"* and lOj”. Jupiter, 
Saturn, Uranus, &c., are in a similar manner retrograde at opptjsition, and direct at 
conjunction. Its di- • 

rect motion continues ^ 
for about 278 days, 
and the retrograde 
from 116i to 1224 
days, the arc of the 
latter being roustantly 
at about 10^ In a 
einiilar manner, the 
period during which 
Saturn moves in the 
order of the signs is 
2o9 (lays, ami the du- 
I'ation of retiograda- 
tion may vary be- 
tween 13.7 J and 1384 
days, the arc described 
varyingbetwoen 6^ 40' 
and G’ 55'. The manner in 'whidi these various motions were accounted for by the 
ancients was the same system of epicycle ah-**aily described for Venus, but some slight 
modification '\^ as introduced. The planet M (Fig. 63) was supposed to describe on 
epicycle in such a mannorlthat the radius C M, which joined it to the centre, w’-as 
parallel to T S at all parts of its oibit, as C' M' to T S', &:c. If the difierent positions 
of Mars in reft rcnce to direct and retiograde motion be examined, it will be found to 
agree closely with this explanation. ^ 

It was by this system of epicycle and deferent, that Ptolemy accounted for the 
apparent motions of the planets in their paths through the heavens, and he endeavoured 
to arrange the radii and motions of the epicycles in such a manner that they would agree 
with the observed appearances. As, however, new inequalities were brought to light, 
it was found to be impoBsiblo to explain them by those single epicycles, and, in most 
cases, a compound system of “wheel wdlbin wheel” had to be constructed in order 
to obtain a more approximate similarity between the calculated and observed places. 
The more simple Ptolemaic Efystem will be perceived from the following diagram (Fig. 
64). The earth T is placed at the centre, next which ^s the moon, L, which per- 
forms a re'W)lution in 29^ days. Next to the moon is placed Mercury, w, whose period 
is 116 days ; beyond which Venus, V, is situated, with a period of 584 days, ^lie aua, 
S, next occurs in the order of distances, then Mars, Jupiter, and Saturn succesaively, 
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as thdr diatanods from the earth were judged to be greater or lesser, according to the 
length of time which elapsed between their sucoesaiYe returns to the same point of the 
heavens. It will be seen that the radii drawn from Mars, Jupiter, and Saturn, to the 
centres of their respective epicycles always remain paralhdl^ the line which joins the 
sun to the earth, and that the centres of the epioyclts of Mercury and Venus are 
always in the same line with the earth and sun. Plato considered that the sun should 



be placed nearer to the earth than Mercury and Venus, as these two latter planets were 
never seen upon tho disc of the sun ; but^it does not interfere with any of the foregoing 
explanations or appearances on which side it is supposed to be placed. At this present 
time, this could not remain arbitrary, as tbe phases and variable diameters of the 
planets would prove. It would have been much more natural for him to have jnade 
the planets Venus and Mercury revolve round the sun, but as it was not possible for 
him to do this in respect to the superior planets, it was likely that he would not adopt 
it on that account. 

Copemieain BytUm , — After the Ptolemaic system had been received among the 
learned for so many ages, who were educated in the belief of the heavens “ with cycle 
and epicycle scribbled o’er,^’ it wa^ a difS.cult task which Gopemicim^had to contend 
with, when, with all those motions partly accounted for by the Ptolemaic, system, he 
endeavQured to reconcile all by far more simple machinery. How far the suppositions 
of former astronomers, however true they were found to be, essentially agreed with 
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those subsequ^l^ enunciated hy him, is of little consequence, as the idea 
the sun at the centre of the system is hut a small portion of the glory of his diseoreries, 
which consisted in explaining all the apparent motions of the sun and planets, and the 
rariety of seasons, on the mo^ simple grounds. The Egyptians had eonjeotured that 
the planets Mercury and Venuf might revolve about the sun, and others supposed that 
the earth was itself in motion around that body, but no farther progress was made in 
this conjecture ; and, although it mi^t have arrested the attention of Copernicus, 
along with many other of the dreams and peculations, it could not afford him any 
ixisight to the system ho developed. 

The system of Copernicus is represented in Fig. 66. Tlie sun, S, is here the centre 

of the great orb, and the planets Mercury, Venus, s 

the Earth, Mars, Jupiter, and Saturn, m, V, T, M, 

J, S, revolve about it iooregular order, and all in * ^ 

the same direction. The moon was held, as in the 
Ptolemaic system, to have a direct motion around 
the earth, but was now made to accompany it in 
the same manner as a subsidiary planet; and, 

in order to explain the rising and setting of bodies, ^ 

or the diurnal motion, the earth was supposed to 
have a motion on its axis in twenty-four hours. 

These, which have already been explained, all tend 
to confirm it as the true system of the heavens, 
whilst the phases of Venus and Mercury, and many j 

other proofs hereafter to be given, tended further 
to place it beyond doubt, while its simplicity and 
philosophical spirit led to its being generally ac- 
knowledged. The motion of the earth was, 
however, greatly opposed by many of the learned at 
that time, and, among others, Tycho Brahe endea- 
voured to form a system, in which all the apparent 
motions would bo explained on the supposition of 
the immobility of the earth, which he considered 
was fully apparent from the absence of a sensible 
annual paralla:^ of the fixed stars, as well as from 
what he judged to be the improbability that an 
immense body, like the earth, would move^at so 

great a rate in apace. f/ \ 

The system framed by Tycho, which, at the /Aj / ^ \ 

present time, is preserved only as one of ihe curiosi- t I j \ \ ' 

ties of scientific history, is a combination of the I 1 \ V 5 yf III ( 
Copemican and Ptolemaic systems. The earth T is \ / / 

here supposed to he stationary, the planets revolve \ / 

about the sun, but the sun, accompanied by all these 
bodies, revolve around the earth, in exactly a similar 
manner to the moon. Whilst it explains the vari-* • 

ous motions of the sun, moon, and planets, it must at the same time be regaa?ded as 
very unphilosophical, and as only fitted for the prejudices of the age. ^ 

fltatloiLB a&d &etxoexadatioii8,--The various progressive and retrtigndo 
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motim itf tbe ph a u B t St ^niltMia d by the «umbioiu macbisery Ai tke Ptolmnaio lyitem, 
oa ibe an^sfpomtim ^ wtb boi&g «tiiti&B«ry, Mkm naturally from tbe eironlar 

motim of tbe ylanata eoiBliukdd wtik 

the murorro^ wtA, adroi* tlm Uioi^oroOopaiuc^ llii groat discowy. Tho two 
iA^rior flaiwt^ Itroeory a&d y«nu,tto^exm!&d the aniiW leas time tbMn tbe oart^, and 
if S be th« mm 56), VYeiumatiii£ariarootgiUMtimi,aaulXtbe earth, the planet will 

pass tlirongh an arc T Y' of its orbit, in the same 
time that the earth passses through the smaller are 
T T' of its orbit. (Hie planet, therefore, has 
appeared to moye qukker than the earth in the 
direction of the arrow, which is in a retrograde 
direction. H however, Venus is found at superior 
conjunction with the suj>, and it passes from V" to 
V'"' in the same time that the Earth moves from 
T to T', it will appear to move in a contrary sense 
to the arrow, and, therefore, direct. Bi tween these 
two pdnta, the planet will, of course, be animated 
with different rates of motion, and at certain 
times will appear quite stationary in the heavens. 
If iixB earth was fixed at T, the planet would appear 
stationary at the point of greatest elongation. As 
it is, however, the planet and earth must be both movmg at the same rate, and in the 
same direction, in order that the former may appear stationary. The dmation of the 
retrograde movement of Venus 
is only three weeks Insfore and 
after the time of inferior con- 
junction. 

The superior planets bear the 
same relation to the earth as the 
latter does to Venus and Mercury, 
so that when the earth is sta- 
tionary for any of those planets, 
the planets appear in the same 
manner to be stationary to the 
earth. The progressive and re- 
trograde motions of the superior 
planets may, therefore, be ex- 
plained in nearly the same man- 
ner. If M be Mars in opposi- 
tion (Fig. 57), as the earth moves 
more rapidly hi its orbit tlian 
the planet, it will pass from T to 
T', whilst Mars only moves from 
M to so that whilst it was 
first seen in the direotion^T M, • 

it will afterwards appear in the direction T' M; or, in other words, the qtlanet will 
appear Jto have fallen back in the manner indicated by the arrow, or in retrograde 
direction. When the planet is in conjunction with the sun, or at M", whilst it passes 
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from M*' to tho will htve awf^d £roBi T to T',ia tiw cantr«nr 4iwwtwWf »a 
tlut tise pteet will appear to rnoao ia adifeet aeaie, ox aoooidiag to order oC tlw 
aigna. Thao the osperior plaiiots are retrograde at the time of opposition, beoaitae 
their motSon la ^ower thaa jthet of the earth ; and at the^|^e of conjonotion they are 
alwecya ^reet, heeaniae movi^ in the contrary directioiL Between those points the 
planet will appear as otatiaBaYy tut that part of its orbit, when the earth, passing from 
T to T', wIB be eo ehlique in regard te M M' that the lines T M and T' M' will be 
parallel ; and as the distances of the stan are iaamense in comparison with any of 
the planets, the lines T M and T' M' will be directed to the same point of the heavens, 
and the planet will appear motly in the same position in respect to any fixed point or 
star. 

To Botonaiao fbo Boagation of a^Mot when Stationazy ;b a difficult 
problem, when tiie iadinit^oiui and cliipticity of the o^bit are taken into consideration ; 
but as at the present time it is more a matter of 
curiosity than interest, the orbit may be eon- /' 

sidered as circular without much error, and situ- / T 

atcd in the same place as the ecliptic. I-et S (Fig. / 
fiS) be the eun, T the earth, and M the position / \ 

of Mars near its stationary point, then, when m \ 

the earth passes from T to T', the planet J 

will move from M to M', and the lines "M'T, Ml- \ ^ g ^ 

M' T', may be considered as parallel, a.% before 1 I 

explained. T/onsequently M' T' S — M T S =s \ \ 

M r S — M T S = T S T' ; and in the Eamc man- \ \ . , 

ner S Mr — S M T' = S r' T' — S M T = \ 

M 8 M*. 'Whence it follows that the anguloi' \ ^ 

variatifms at T and M are proportional to the \ 

angles T S T' and M S M' ; or as the angular ^ 58 . 

velocities arc inversely as the periodic tinigs, then 

S M if S T ^ :=■ putting a = S 1^1, and S T = unity, the sines of the angles M and T 
will be in the ratio of their opposite sides, or as a : 1, and the eotempora>7 variations 
of the angles will be as their tangents ; or, 


Fin T sin M 
eosS eos M 


: * 1, whence 


Vl ~ (s 


. . J : 


And sin^ T = , = r . i and sin T = - 

— I rt'-l-ff-Hl 1) 

For an inferior planet the M and may represent the place of the earth, and T and 
T the positions of Mercury and Venus. Thus if the mean distances of the earth and 
Venus be taken at 100,000 and 72,333, then sin T = 0-48264, the sine of 28** 51", or a* 
this angle of elongation from the sun the planet is stationary! 

To determine the time when a planet is stationary, the time of eoDjunction oreppo** 
sition must be known. If m and n are tbp daily motions of the earth and planet, thdn 
,H — fff orn — w is the daily variation at the angle T S M, ^ it is a supeiior or inisilor 
planet; than, " ^ 

I?, — M ) ^ 1ft n 
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Pliftses of tho 8 « 90 xior'Plaiiota.~No&e of the superior planets show the 
' same succession of phases as Merctuy and Venus ; and only one of them, Hars, is near 

enough to the earth to show any appearance of 
departure from a fhll disc, the illuminated hemi- 
sphere being turned npurly always towards tho 
earth* The poi^t of its orbit, at which Mars will 
appear most gibbous, will be at M (Fig. d9) ; at 
the points M' and M'", when at opposition and 
conjunction, its illuminated hemisphere will be 
wholly turned towards the earth. The diminution 
of its disc from a complete circle is, however, very 
sensible ; and a small table of its defective illumi- 
nation is given in the Nautical Almanac for 
every month in the year. It is wholly insensible 
in J upiter and Saturn, and to reduce the observa- 
tion of the limb to the centre, it is only requisite to 
apply the semi-diameter. 

Kepler's Xi&ws. — Copernicus, in explaining the apparent motions of the planets 
in the heavens, confined himself, it will be seen, to circular motion, and all the planets 
were supposed to revolve round the sun, as a centre in circular orbits, which he 
considered the most natural of any. It has already, however, been seen that the 
sun’s motion in its orbit is not equable ; nor will^it be explained by supposing the earth 
to revolve in a circle, of which the sun is placed eccentrically to the orbit, and that 
it can only be accounted for by supposing that our planet moves in an ellipse, of 
which the sun is placed in one of the foci, whilst rejecting all the other cumbrous 
hypotheses of the Ptolemaic system. In order to explain the vaitous inequalities 
caused by this elliptic motion, Copernicus was forced to retain the supposition of 
epicycle and eccentric. The observations 
of Tycho Brahe, in the hands of the im- 
mortal Kepler, however, threw ofl? this last 
obstruction, and discovered not only the 
true figure of the orbits of the planets, but 
likewise other « wonderful laws in relation 
to them. 

In examining thtf orbit of Mars, he en- 
deavoured to determine the eccentricity in 
respect to the sun, supposing it to he* a 
cirde, in the following manner : — Supposing 
thatD (Fig. 06} was the point round which 
the moMon of the planet was uniform, C the 
oentre of the circle, end S the position of 
the sun, M, M’, M”, four places 

of Mon at {opposition, he endeavoured to 
determine the angles A D M”, A S M", in 
such a manner that the foi^r points, M, M', 

M”, M’”, were situated on the eircum- 
ference of the. circle with the centre C. By assuming the distance S D, and the two 
angle8,^A D M”, and A 8 M", he calculated trigonometrically all the other parts of 
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tli« figure, in order to determine if the four angles at S made up 360'’, and the pomta, 
S, C, and B, on the same straight line. After seventy most laborious trials, he at 
length arrived at one which agreed so well with observation, that out of twelve 
oppositions, none of theta ^er^d more than 1' 47'’ in longitude ; and he thought 
that Tycho’s observotiesl^ might be in error by that, or even a quantity of 2’. 
When compared with' observations of the planet out of opposition, it, however, 
became apparent that this orbit would not answer, the errors of longitude sometimes 
amounting to S’, which he was persuaded could not be due to the observation of Tycho. 
He was consequently led to doubt 
if the observations could be satisfied 
by any circular hypothesis, and fur- 
ther computation served to confirm 
his doubts. Supposing S J:o be the 
sun (Fig.61),M, Mars, and Tand T', 
two positions of the earth, M'lien 
Mars returned to the same' part of 
its orbit, when the earth was at T, 
he determined by observation tlic 
angle M T S, and when at T', the 
angle 31 T' S. The distances T S, 

T' S being known, and the angle 
T S T', tho side T T', and the angles * 

S T T' and S T’ T will be known, and consequently tho angles M T T’ and M T’ T. 
The side M T may lx? found in the triangle M T T', and finally the side M S 
in the triangle M T S, or the distance of 3Iar3 from the sun. By this method Ke|der 
determined the distance 31 S, at pcnhclu>n and aphelion, the former of which he found 
to be 1 38500, and the latter 166780, the mean distance being 1 52640, that of the earth being 
supposed to be 100000. In .the same manner Kepler determined three other distances 
of 31ars, from observation at different pants of his orbit, which be found to be 166255 ; 
163100 ; 147750. But by calculating these distances on the supposition that the mean 
distance was 152640, and the eccentricity 14140, the distances were found to ho 
respectively 166605; 163883; 148539. Whence tho errors were found to be 350, 
783, and 789. The true distances of 3Iars from the sun were, therefore, shorter than 
those calculated , and as tho lino of apsides and the perihelion and aphelion distance 
M'cre truly known, it followed that the orbit was of an oval form, and the ellipse being 
the simplest of all ovals, he found that this w'as the true curve. By examining Mars 
at many other parts of its oi bit, he found that it agreed closely with this supposition. 
Thus the first law of Kepler was discovered by infinite labour and sagacity, viz., that 
the planets revolve about the sun in elliptic orbits^ the eun being situated in one of thsfoei^ 
The second great law of Kepler was likewise discovered by him from observation, 
by comparing the velocity of the planets in their orbit with their distances from the 
sun, or rather the areas of the sectors, and the arcs included between the radii vectors 
bounding them. He found that when at their apsides, the velocity of their motion 
was inversely as their distances from tho sup, or that the planets describe equal areas m 
equal times at those points ; and he was of opinion tb'dt this i^as true at all parts of the 
orbit, although he could not prove such to be the case. This, however, has since be^ 
proved to be a necessary law, and to follow consequently from the doct^ne of 
I universal gravitation. 
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The third great law of Kepler eoanects the distances of the planets irom the sun^ 
with the time in which ^ey make a complete revolution about that luminary. 
The farther a planet is removed from the sun, the slower he found ita motion on 
comparing it with the absolute motion of the earth. Tlie distance of Saturn from 
the Bvtn being nine and a half times that of the earth, sid consequently if their rates 
of motion were alike, the period in which Saturn would perform a complete revolu- 
tion would he nbm and a half years. It is apparent that the periodic times do not, how- 
ever, increase according as the squares of the distances, as in that case the periodic 
time of Saturn would be upwards of ninety years, whilst in reality it is about thirty. 
After numerous and* laborious trials, Kepler at length found out the remmkable 
analt>gy that the sgruares of ih$ numbers representing the pertodie times were exetethj 
proportional to the cubes o f their mean distances from the sun. Comparing the earth and 
I Mars for exampto, we find that (365‘2564)“ • (686'9796)2 : : lOOQOO-* : 152369^. All 
( of those remarkable laws were afterwards found by Sir Isaac Newton to be nccensary 
i consequences of the laws of gravitation, and thus what was deduced by Kepler from 
I observations on one particular planet, and at one particular point of ita orbit, was 
verified, and found to be universally applicable to the whole solar system, and to form 
a connecting link between all its members. 

From the third law of Kepler the mean distance of a planet from the sun can be readily 
calculated, and with much less difficulty and more accuracy than by direct observations. 
JThe periodic time may be found by observing the time of the planet's passage through 
the nodes, and by observing the intervals between the ascending and descending nodes, 
and the descending and ascending (which, if the orbit is an ellijwe, will not be exactly 
alike) ; a value of the eccentricity may be obtained from the greatest difterence between 
the true and mean anomalies, or the equation of the centre. To determine the mean 
distance — supposing t to be the periodic time of the earth, and r that of the planet, 1) 
being the mean distance of the earth, and A that of the planet, we have 

: T- : : : A**, whence A == D X Y")^ 

« t ’ 

The longitude of the planet in the nodes, or the longitude of the node, may be 
determined from two heliocentric latitudes and longitudes. 

Telescopic Appeaxance of the FlancU.—The planet Mercury appears under 
afi the phases of the moon and Venus, but is seldom visible in our latitudes to the 
naked eye, as, when most favourable for that purpost . there is always a strong twilight, 
and it is situated too near the mists of the horizon. At its nearest approach to the 
earth, or at the time of inferior conjunction, its apparent diameter amounts to 12", and 
at its superior conjunction this decreases to 4" ; at its mean distance from the earth 
. itsfl^iparent diameter is 6-7", Its diameter is upwards of 3000 English miles, hut 
obsei VfKi differ considerably as to its apparent diameter as measured by the micrometer, 
la jSUeh a small body as this, it is almost impossible to perceive anything beyond the 
mere form of the disc by means of most ])erfect and powerful tedescopes ; and even 
those are sometiines rendered useless by the scintillation and had definitira of the 
planet. The o»ly observer who has followed this planet with the requisite attention, 
is Schroeter, who, by means of powerful reflecting teiescopcs, was able to perceive that 
! the crescent was not always regular, but that sometimes one horn was bhinter than 
another. This, he naturally considered, was due to their irregularities on tbe surface of 
the plapet, a roountain or diain of mountains, situated in the southern hemisphere, inter- 
cepting the rays of the sun from proceeding onwards. Schroeter endeavoured to make 
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1286 of this appearance in determizxing the time of rotation of the plane t- Hoottantivei^ 
obserredthe form of the disc, and the degree of bluntnenof the aoutiieni. horn id onopmr^ 
tioular time ; and the chmiges whlchit underwent in a few hcniirt were found to be plaLiljr 
perceptible. When the planet reappeared on the foUowimg day, or any number of days 
afterwarde, the time at which ^its diac presented the fame i>rm was again recorded, 
and BO on for any length of time. Schroet^ conchided from these observation that the 
tinm of rotation of the pltfnet on its axis mnst be 24h. dm., and by taking the extreme 
times of observation, and dividing the interval by {he BfixnBher of revx^utions, he 
concluded it must have one rotation on its axis in the apace of 24h. His assistant, 
M. Hording, on one occasion perceived a faint spot on the dise, and, by following 
it attentively, he arrived at the same conclusion as Sohroeter. The latter attempted 
to arrive at a knowledge of the height of the mountains by measuring the deficient 
part of the bom; and hia observations go' to |)roTe that some of those wdre upwards 
of twelve miles in altitidle, which is three times ritai of any on the earth, and, 
compared with the actual size of the two planets, is out of all proportma. During the 
passage of Mercury over the sun's disc on November 9, 1802, Sir W. Herschel could 
not perceive any indications of an atmosphere, nor the least departure from the circular 
shape in its form. Even if it were as much compressed at the poltt as the earthy the 
cllipticity of its outline would not, however, be visible in such a small body. Many 
observers liave perceived a dusky ring of considerable extent surroundiiig the planet at 
those times, and others have noticed a bright spot on its dise oai the same occasions, 
but this has been explained on optical grounds. During the passage, Mercury ap^^ 
poared as a very dark spot, and considerably more so than any of the spots which 
peared on tlie sun at the time. The transits of Mercury over the sun's disc, which 
will occur during the remainder of the present century, are as fidlows : — 

1861, November 11. 1870, May 6. 1891, May, 9. 

1868. November 4. 1881, November 7. 1894, November 10. 

Those in 1881, November 7, and 1891, May 9, are invisible is the northern parts 
of Europe. 

Yenias.— The phases which Mercury undergoes are seen in a much more perceptible 
manner in those of Venus, from the great size and brilliancy of the planet at those 
times. The samo appearance of the different sharpness of the horns has likewise been 
noticed, and from these circumstances Schroeter endeavoured to detennine the period 
of rotation in the same manner as pursued by him in Meteury, and apparently with 
more chance of success. Not only was the southern horn notieed to be very blunt, but 
a detached point of light was perceived by him, which he concluded to he the summit 
of a mountain illumined by the setting rays* of the stm. By nuanerous consecutive 
observations on this planet (continued for many years), Schroeter came to the conclu- 
sion that it performed a rotation on its axis in &e space of 23h. 20m. 59*04s., or, in 
round numbers, 23h. 21m- Previous to this time, Cassini bad perceived in the clear sky 
of Italy a small bright spot on the surface of the planet, by the observation of which, 
on several consecutive mornings, in the summer of the year 1667, he arrived at the 
conclusion that its period of rotation was 23h. 21 m. or 22in. A for more extensive 
series of observatioDs on several t/uffy gpoU was made during 1726-27 by B^ehim, at 
Rome, with excellent telescopes. The period of rotation, as determined by this obeerver, 
from those numerous spots, was very different from thole of Cnwini and S^iroeter, 
ainounting*to 24d. 8h. It had been suspeeted by recent observers that a mistake arose 
from the spots so closely resembling each other ; and as thcfy were only observed ditmng 
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the eyenings, it wae impossible to recognize them by their appearance alone. The late 
Device has reobserved all the effects perceived by Bianchini (from which it is certain 
that they were not of the fleeting, cloudy nature, suspected by Itersohel and Schroeter), 
and from some thousands of micrometrical observations, made both during the day and 
evening, he concluded that it performs its rotation on its axis in 23h- 2lm. 21 ’Os. 
The axis of rotation was supposed by Cassini, Schroeter, and Bianchini to be inclined 
as much as to the pole of the ecliptic. The latter dotermiflation of Device, although 
it does not show an inclination so considerable as this would prove to be, shows one 
nearly twice as great as that of the earth, viz., 53® IT. Sir W. Herschel, on one 
or two occasions, perceived spots, but they were too faint and uncertain to give any 
idea of the time of rotation. He was never, however, able to perceive the hluntness of 
the southern bom observed by Schroeter, which is the more remarkable os it has plainly 
been seen by most observers who have examined it ; and Maedler has perceived the 
quick changes which they undergo. Herschel, however, coLiirmed other appearances 
detected by Schroeter, viz., the brightness of the outer or circular edge of the crescent, 
and the dimness of the elliptical boundary. Herschel considered that the atmosphere 
of Venus was like our own, refracting and reflecting liglit ; and as we view the circular 
part more obliquely than the elliptical boundary, and consequently a greater thickness 
of the atmosphere comes into view, this explanation would be more in accordance 
with the appearances observed by Schroeter, where the outer bright portion gradually 
melted into the interior dusky region that was observed by Hersebe] himself — the outer 
bright part being distinctly separated from the inner, and appearing as a bright 
colour. 

In observing ^'enua when near its inferior conjunction, Schroeter perceived, in the 
very slender crescent seen on such occasions, a very faint light stretching beyond the 
pointed boms, which, as seen in an ordinary telescope, would be the extreme points of 
the illuminated semicircle ; an^ Herschel confirmed this curious fact. This twilight 
affords further proof of the atmosphere of V enus, which Schroeter supposed to be of 
about the same density as that of the earthy having concluded that the horizontal 
refraction was 30j'. In the inferior conjunction of 1849, Professor Maedler plainly 
perceived this faint extension of the horns, and he found, for the horizontal refractions, 
quantities varying from 39 to 48 minutes, but whose most probable value was 43'-7. 
It is consequently about one-sixth greater than that of the earth’s atmosphere. From 
appearances noted during the transits of A enus across the sun's disc, it would appear 
probable that the atmosphere was very considerable. The two next transits of A''enus 
will occur on December 8, 1874, and December 6, 1882. 

The apparent diameter of Venus, at its mean distance, is 16"*0 ; but at the time of 
' inferior conjunction this increases to 62", and at the time of superior conjunction de- 
creases to It resembles the earth in volume and density more than any other of 
the planets. Its diameter is 0-985 of that of the earth, its volume 0-957, and its density 
0*923. A body which would weigh one pound on the earth, would weigh 0'91 on the 
surface of Venus. Light and heat would be nearly twice as great at Venus as on the 
earth. No compression at the poles has been perceived in Venus. 

This planet shines with a ruddy and dusky light quite different from any 
of the other heavenly objects. "VThen at favourable opposition, or when near its peri- 
helion and opposition at Xhi same time, it is a very bright object, and so different from 
its ordinary appearance, that it has been frequently mistaken for a new star. Its ap- 
parent diameter at its mean distance is 5'’-8, but at the time of opposition this can 
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increase to 23'', and at conjunction decrease to 3"‘3. The true diameter of this planet 
is 0*519 of that of the earth, and consequently its volume is only 0T40 of that of 
this earth. Its density, compared with that of the earth, is 0*948. A body which would 
weigh one pound on the earth, would only weigh half a peundin Mars. The light and 
heat which it receives at its i^ean distance from the sun is 0*43 of the earth. 

When examined with powerful telescopes, many dark spots are perceived on the 
surface of this planet, which then loses much of that red colour so apparent to the 
naked eye. These dusky portions, it has been found, are quite fixed and constant in 
their positions, and they have thus been supposed to be the seas and continents of this 
planet. But not only have the land and water become visible on its surface, but like- 
wise its climate; for we perceive, at its north and south poles, bright white patches of 
light which are naturally held to be the snows of Mars collected in an immense mass. 
This conjecture is considerably strengthened by the fact, that when, by the position of 
the axis of Mars in respect to the 
sun, those luminous spots are turned 
towards that luminary, they di- 
minish in size rapidly. In 1781 
Sir W. Herschel noticed that the 
southern white spots wore extremely 
brilliant and extended; this was 
after a winter of a year’s duration 
on this part of the planet. In 
1783 this same spot was very small, 
but the sun had continued for nearly 
eight months above the horizon of 
this part, and melted it away. The 
existence of an atmosphere to this 
planet is apparent from other con- Fig. 62. 

siderations, as at various times dark, ^extraneous, cloudy patches have been noticed, 
which have obscured the planet and hid the spots on its surface. When the snow melts 
away, a dusky and densely-clouded atmosphere appears to hang over the planet at 
those parts. 

The rotation of the planet has been determined by several observers ; and from the 
fixed nature of tlie spots observed, and the good definition with which they appear 
under favourable circumstances, it has been found with considerable accuracy^ Cassini, 
in 1C6G, determined it to be performed in 24h. 40m. ; and, in 1704, Maraldi repeated 
the observation, and found the period of rotation as 23h. 39m. Herschel made many 
observations relative to the telescopic appearances of this planet. He determined the 
sidereal rotation as 24h. 39m. 21 78., and the synodical at 24h. 38m. 20'3s. The 
equator of Mars he found was inclined at an angle of 28° 42' to his orbit, and the 
node was directed to the constellation Sagittarius. The seasons on this planet would 
not, therefore, he much different from those on the earth ; hut, on account of his great 
eccentricity, their duration was very different. 

The compression of Mara at the poles appears to he considerably greater than that 
of the earth, which, considering his small diameter, and that its rotation and density are 
nearly similar to those of the earth, is rather remarkable. It does not appear, however, 
to he so considerable, as determined by Sir W. Herschel, according to whom the ratio of 
the polar and equatorial axes was as 98 t* 103, or as 15 to 16. Schroetor estimates 
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them at $0 to 81. According to M. Arago, it is more than Harding has noticed 
that the equatorial aides of Mats aometimes appear very bright, and he tidnka that the 
irradiation oaused^by this eircamstanoe prodooes discrepancies in the mettBurennent of 
the equatorial and polar diameters. 

The AatesrelAe.— The present century opened with the diacorery of fbner small 
planets, Yesta, J uno, Ceres, and Pallas, situate between Mars and Jupiter, called asteroids 
(the appearance of stars}) because of their stellar aspect under telescopic examination. 
The order of their discoyery, with the names of their dtscoyerers, is as follows 
Ceres . , . January 1, 1801, by M. Fiazzi, of Palermo, in Sicily. 

Pallas . . , March 28, 1802, by M. Gibers, of Bremen, in Saxony. 

Juno . . . September 2, 1804, by M. Harding, of Lilimthal, in Hanover. 

Vesta , . . March 29, 1807, by M. Gibers, of Bremen. 

These bodies aise sometimes styled planetoids, as more expressive of their character, 
and extrar zodiacal planets, because their orbits arc not confined within the zodiac like 
thiaoe of other plaaetsi. They axe ezehuively telescopic objects, and require the very ! 
beat inatraiBefits to be caught, with the exeeptkm of Vesta, which, under favouralde 
ciicM8taiieo% has been seen by the nahad eye. 

Testa, the first of the grou|^ following tlw order of succession in the system, is at 
the mean dntaoee of 22fi, 000,000 of milm firom the sun, and performs a revolution in 
I 1325 days, somewhat more than three yean sad a half. 

j ^ Tlw planet is much blighter than its eenspeen, and appears like a star of the fourth 
I magnitude. 

I lotto is at the mean distance of 254,000,000 of miles, and accomplishes an orbital 
I revolatioii in four years and a hundred and twenty-eight days. 

Inno has a very eccentric orbit, varying in her distance from the sun to the extent 
of 130,0001,000 of auks. This eeeentrieity has a remarkable effect upon her motion, 
for site goes thxtMigh that half of her od»t whidL is nearest the sun, in nearly half the 
time that she travels through the remainder. The planet has a reddish colour, and 
appears like a star of the eighth magnitude, 

Ceres, the next in order, revolves about the sun in about four years and two-thirds, 
at the mean distance of 263,000,000 of miles. 

The telescope reveals Ceres as a ruddy star of the eighth magnitude, under circum- 
stances which leave the impression of an extensive atmospbore. 

Pallas is at nearly the same mean distance from the sun as Ceres, and has nearly 
the same period of revolution. 

The discovery of the asteroids was not an accidental circumstance, but the result of 
a search conducted upon the presumption that the harmony of the solar system required 
the jttresence of a planetary body between Mars and Jupiter. It was observed, that the 
distance between the orbits of Mars and the earth is about double that between those 
of the earth and Venus, or 50,000,000 of mUes; whereas between the orbits of Mors 
and Jupitev there is the tremendous interval of 349,000,000 of miles, nearly two and 
a half times the whole distance of the former from the sun. Astroaomers, there- 
fore, became thoroughly imbued with the notion that an undiscovored planet existed 
in the g^p ; and cotnmencmg an active search of the heavens, the asteroids were met 
with in the vaeaiK^. 

On the ground of these ^peculiarities, it has been surmised that these four small 
bodies have diverged front a common node, and therefore originally fomsed a aingle 
large plaifdt, which some mighty convulsion shattered. This bold hypothesis, first 
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j Started by Olbcra, hat received a very gemeral sanction. It ehtaint evideiico the 
I pwerful eiplotive forces ia aetien in the interior of out own globe, to which itt vol- 
i canic vents act as safety-valtet ; from the phenomena of meteoric j^owtrrs, respecting^ 

I which wo have no supposition better than that they are dedn's w'hioh the earth encoun- 
; ters in its orbit, fusing upon (sontact w'ith its atmosphere. 

Of the telescopic appearance of this group of planets, now increased to the number 
of thirty-seven by the addition of Atalanta and Fides, both of which were discovered 
on the same day, viz., October 5, 1856, it would be difficult to say anything. A keen eye 
can <lctect, in a good telescope, the difference between one of these asteroids (when not 
less than the eighth or ninth magnitude) and a star of the same degree of brightness, 
but this perhaps is the extent of the power of iho telescope. Their diameter is very 
doubtful. Some observer.* consider them as, a few hundred miles in circumference, 
others as n.any thousand^. The hazy appearance surrounding Ceres, 4^hich was noticed 
I by Ilerschcl and Pebrooter, whence they surmised that the asteroids were partly of a 
cometary niUurt», has nr>t heen noticed by modern observers, and may be due to the 
I imperfection of their reflecting telescopes. 

Jupitev. — This is one of the finest planetary objects to which the telescope can be 
directed, and even with a small instrument its disc, band, and satellites, can be plainly 
i seen, and at each opposition there is but little diftcronce in the brightness. Whenever 
1 viewed with a telescope, the singular appearance which its disc presents, being always 
; sTirroundcd hy two or more dark belts or bands, cannot fail to strike the beholder, aiuj ^ 
t the cliangcE* to which thc 7 are subject i^re still more curious. The equatorial povtiofls 

are generally the brightest, and it 
is at this part the bands are most 
distinctly visible. They arc gene- 
rally directed parallel to the equator, 
hut this is not always the case. The 
polar portions are for the most part 
darker than any other, but it is hut 
on rare occasions they are equally 
80 , and indeed the whole cloudy 
covering of the planet is of such a 
shifting and unsteady character, that 
it may almost be said to vary from 
night to night In additkm to the 
dark bands, there are oceasioDally to 
be seen on the disc of the planets 
dark spots of irregular form, which 
arc subject to the same changes $» the bands, though they are frequently of long dura- * 
tion, and reffiaiu for months together at nearly the some place. A telescopic view of 
Jupiter, and the appearance of its surface under favourable circumstances, will be 
seen at Fig. 63. 

By attending to the motions of those spots, it has been found that Jupiter, like the 
planets hitherto described, rotates upon its axis ; but the length of its day is much 
shorter than that of the planets in the vicinity of the earth. It is rather difficult to 
tell the gxact duration, for the spots themselves have got a motion cm tiie disc ; and 
Herschel found that the time of revtation sppeared to bo sometimes 2h. 65in* 40*., at 
other times 9h. 64m. 63s., from obserrptions of tlio same spot ; whilst by if different 
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spot it w^as sometimes 9h. 51m. 458., and at other times 9h. 50m. 488. As the equator 
of the planet is but very slightly inclined to the plane of its orbit round the sun, it 
follows that there is but very little variation of the seasons, so that during its long 



year the length of the day and night varies very slightly, either being at any latitude 
about five hours in length. 

From the rapid motion which those spots undergo near the equator, Ilerschcl 
thought it was not improbable that at these poition^ of the planet’s disc there existed 
currents of air similar to the trade winds, the effect of which would likewise be to 
form the loose vapours on its surface into the parallel belts. From Herschel’s obser- 
vations on these accidental clouds— as he was of opinion the spots were^ ho considered 
that they were occasionally driven along at the rate of ninety-six leagues per hour, 
*a velocity far exceeding that of our most violent hurricanes. 

It might be thought, at first sight, that the dark bands represented* in Fig. G3, 
were the clouds, the overcast portion of the planet’s disc, and the brighter belts 
were parts of its surface, Horschel, however, considered that the contrary was 
the case, and in this he is followed by all modem observers, lie supposed that the 
more brilliant portions were the zones, in which the atmosphere was charged with 
clouds, the darker parts those on which it was quite clear and serene. The latter 
allow the solar rays to pass tfirough to the surface of the planet, where the reflection 
being less powerf^ than from the clouds, less light was consequently returned. 

The disc of Jupiter is considerably flattened at the poles, and bulged out at the 
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equfttor. This is immediately seen when the eye is directed through a telescope to the 
idanet ; and the extent to which it occurs will be seen by the diagram (Fig. 63). 
The belts appear always parallel to ^e greater axis. 

The four satellites of Jupiter are constantly seen in the same direction, and almost 
in the same straight line ; and the motions of the two inner ones round their primaries 
are very rapid. They almost describe circles around the planet, the orbits of the third 
and fourth satellites are, however, slightly eccentric. The following table ahows their 
mean distances from the centre of the planet expressed in the equatorial diameter of 
Jupiter. The diagram (Fig. 64) represents the relative orbits of the four satellites in 
exact proportions : — 



Mean dietance. 

Period of revolution. 

1st satellite 

303 

1*77 

2nd „ 

. •4*81 

3*65* • 

3rd „ • 

7-68 • . 

7f5 

4th „ 

. 18*60 

. 16*69 


The laws of Kepler are as strictly fulfilled in the passage of the satellites round 
their primary, as in the case of the motions of the phmets round the snn. They are 
subject to eclipses and occultations, and are sometimes seen projected on the limb in the 
form of small white spots. As the cone of the shadow is of considerable length, Jupiter 
being at a great distance from tbo sun, and the satellites comparatively near it, it 
follows that at every revolution tbo first three satellites are immersed in the shadow, 
and it is only the fourth which occasionally escapes. The use made of the eclipses qf ^ 
Jupiter’s satellites is represented by A of the engraving at ipoge 241. The centre 
globe being our earth, two lines are drawn from places on its surface, forming an angle 
and meeting at Jupiter, an observer at each place marks the time at which the satellite 
enters the cone of the shadow. Assuming the time at the nearest line to be ten and 
the farthest eight o’clock, the two hours = 30’ shows the one place to be distant 30'’ 
from tbo other. These observations of the eclipses gives tbo readiest means of deter- 
mining the longitude of any place at which they are observed. This accurate observa- 
tion of the moment of disappearance depends partly on the excellence of the telescope 
used, and partly on the keenness of sight and experience of the observer. When the 
satellites pass between the sun and Jupiter, they produce solar eclipses ; and the shadow 
of the satellite, in addition to the satellite itself, may bo seen slowly traversing the disc 
of the planet in a powerful instrument. 

Satuni. — The most wonderfully constituted body of the solar system is Saturn. 



Fig. 65 . 


Surrounded by numerous rings, of different form and brilliancy, and eight satellites, 
with the varied bands which, as in the case of Jupiter, erpsa the ball of the planet, it 
forma thq most curious of telescopic objects. The ring was first detected by 
Huygens by means of his powerful telescopes, and he was likewise the first to per- 
owve the brightest of the satellites. explained the various appearances at different 
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times hf tskiag iats seoon&t the obliqoily of tke xixi|;, sad tlie pt i altelis m ^hkk It 
retaios at all parts of its oi^ ; wliioli is, iadesdy similar in all rsapeets to tiis idmn^a 
of seasons 'on the earth. This will easiif he assn bf the diaums (Fig. 6f), arhaie 
S is the ^en and 
T the earth, and 
the oiEter etinle 
the extent of Ba*^ 
turn. It isfdtfii 
that to an ob- 
server at T, the 
upper side of the 
ring and the 
northern pole of 
Saturn will be 
visible, as at Fig. 

66. Attheop 2 >o- 
site part of the 
orbit of Saturn, ^1^* 

the iotUkem poke of the planet and tbc wider side of the ring is that which will be 
illuminated ^by tbo sun, and seen by an observer on the earth. As Saturn passes 
(nm the one to the other of these points, the ring will become gradually less open ; 
and at the points beta'cen the two it will only be visible by the illumiiiat^'d edge, as 
in Figs. 67 and 68; whikt at other times the unillumined plane of the ring will be 




turned to an observer at T, aiid the outer edges of tlie ring will not be visible, as at 
Fig. 65, This disappearance of the ring w ill take place twice during every revolution 
of Saturn, and it may be compared to the position of the earth’s axis at the times of 
the equinoxes in respect to the sun, both poles coming into sight, for the ling of 
Saturn aurroonds the equatm* of the plane. 

The ring of Saturn as ^een, with an instrument of moderate power, to be divided 
into two parts; but when a stronger tcle.scope is made u»c of, under favourable 
circumstanoes, the outer i>orticm is found to be divided into two likewke, thus making 
three in all, as seen in the diagram. Some observcTs have been able to delect other 
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j^KvisuKiif ta tjta bright ring wb«a it i% i&oit open. Tbe most xenaitcible 
4eteQfted of lala 7 <^n w, Juywflw, titiuted between ifas boll end riw 

- bright risg^ «a4 adjeliiiQg 

, tbelattfir. Tbeexistenee 

• of tlriiettrieni append^ 

ii norw plieed beyead 
doubt by ^ tegfciflBODy 
driRwent obsenrers, and it 
Appears to be of a mlsly, 
semi-transparent nature, 
at the bad of the planet 
ean be aeem tbrouf^ it. 
From f&e observations of 
the ^der Herschd, it 
wonld follow that the 
globe of Saturn revolves 
on its axis once in lOh. 
16m., and that the ring 
makes a rotation in its 
plane once in lOh. 32m. 
158. Both move in th^ ^ 
direction of the other 
planetary bodies, viz., 
from west to east. 

The system of satel- 
lites which Burround Sa- 
turn and his ring will be 
seen from the accompa- 
Fi}. 69. , uying diagram (Fig. ^9). 

Of these the brightest is that discovered by Huygens, and resembles a star of the 
ninth magnitude. It is the sixth in the order of distance counting fiom the planet, 
and its orbit is the best determined of any of them. The third, fourth, fifth, and 
<'ightb, discovered by Dominique Cassini, are likewise comparatively bright ; but the 
first and secom , discovered by Ilerschel, and the seventh, discovered by Mr. Sassel in 
IS 48, arc the faintest of telescopic objects, and require both great light and ; high 
power to bo seen at all. The orbit of the eighth satoUite is considerably inclined 
t(‘ the equator of the planet ; those of the other seven lie nearly in the same plane 
as the ring. The mean distances, expressed in equatorial radii of the planet, and the 
periods of their revolutions, is seen from the following table : — 

Mean Distance. Time of Eerolutions. 


Ist Satellite . 

3-35 


0*94 

2nd „ 

4-30 


1-37 

3rd „ 

5*28 


1-89 

4th „ 

6-82 


2-74 

6th 

9*52 

4 . 

4-52 

eth „ 

. 22-08 


15*94 

7th 

. ?7 78 


22-50 

8th „ 

. •. 64-36 


79-33 
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Ihmnwi and the teleaoopio appearance of the two exterior planetiy 

Uraims and Keptune^ rexj little can he eaid. The former appear! in the tdeecope as 
a star of the sixth magnitude, of a planetary aspect, and with the appearance of a well 
defined disc. The latter is of the same faint blue colour, but tbo disc is mere difficult 
to be perceitied ; but, if compared 
with a neighbouring star of tlic 
same magnitude, Ae difierence in 
their definition is more apparent. 

Herschel considered that ho was 
able to detect a slight ellipticity in 
the figure of t^ranus, from which 
it appeared , that its axis is very 
little inclined to^e plane of t))o 
elliptic, and that consequently the 
sun is hid for many years from its 
poles. 

The satellite system of Uranus 
(according to Ilerscbcl) is repre- 
sented in Fig. 70, but only four of 
those satellites, two of which do 
^ot agree in their periods with that 
set down by Herschel, have been 
perceived by Mr. Sassel, and be 
seems inclined to believe that only 
that number exists. The second 
and fourth have frequently been 
seen, and tbeir orbits are pretty 
well determined by the observa- 
tions of Sir J. Herschel and Mr. 

Lament of Munich. The orbits 
of those satellitcB arc very greatly inclined to the piano of the elliptic, the angle 
between the two being nearly 80”. The periods of revolutions and mean distances 
of the several satellites is seen from the following table : — 




Mean Dibtancof^. 

Time of devolutions. 

1 Satellite 


1312 

6'89 

2 „ 


17*02 

8‘7l 

3 .» 


19*86 

10*96 

d 


22*76 

13*46 

5 „ 

. 

45*51 

3807 

3 


91*01 

. 107*69 


Tbo only satellite to Xeptunc* which has yet been perceived is that discovored by 

O Mr. Sassel, and it is represented in Fig. 71, on the same 
scale as that of the satellite systems of Jupiter, Saturn, 
and Uranus. It will be seen that it differs but slightly 
from that of the moon to earth (Fig. 72) in the 
dimensions pf its orbit. The period of revolution is 6*87 
I'Hf. ti. days, and its orbit is inclined at an angle of 36® on the 
elliptic. It is excessively minute, and has hitherto been seen only by Messrs. Sassel 
and Bond. , 







OBjEAT EUUATOBXAL ZKSTRL'UBKT. 


STELLAR ASTROIfOMY. 

In no other subject to'whkh the mind of man can be directed, is the grandeur so 
imposing, or the subject so inexhaustible, as in those distant regions of spaoe known as 
the sidereal heavens. The countless stars, which roach far beyond the Ikaits which 
our most powerful instruments can furnish evidence respecting them, reaching even to 
inhnity. This is not merely made manifest by the help of gigantic telescopes, and other 
artificial applications which the intellect of man has devised ; even with the naked 
eye we can perceive how multitudinous are the brilliant specks of light so lavishly 
scattered in every direction, and congregated in such numbers as in the consteflations of 
Orion or Taurus, or so densely that the eye can no longer detect them individually, 
as in the Hyades, the Presepe of Cancer, and, above all, in the great southern Magd- 
lanio Clouds, or the wonderful zone pf the Milky W ay. But although the prospect is bo 
magnificent and apparently so boundless, even in the most simple and universiJ view, 
it becomes infinitely more so when the depths of the heavens are sounded by means 
of the telescope ; when it becomes probable that those st^ which are seen by the 
unaaaisted vision form one cluster, and that not a very rich one, out of many thousands. 
When we consider, furthmiore, that our sun is but one out of those myriads of objeetSi 
shining by their own light, and that each^of these is performing in its sphere tie same 


AfTflONOMY.*>Ne. III. 




274 


CLASSIFICATIOX OF 8TAK8. 


important functions to t3ie worlds reirdlTing around its concentrated heat and 
which the son performs lor |iS) we become more and more deeply impressed with the 
boundless extent and of celestial objects. 

Viewing the havens with the unassisted eye, wo perceiyp that the stars are of very 
didS^rent degrees of brightness ; and, for the purposes ^ dassification, astronomers 
have chosen to divido those visible to the naked eye into six degrees of lustre, the faintest 
or those just seen by persons of ordinary eyesight being termed stars of the sixth mag- 
nitude. IMus claasldcation, however, gives but a rude approximation to the truth, 
as it would be difficult to find a number of stars of exactly the same degree of bril- 
liancy, whEe it would be easy to count twenty or thirty stars of perceptibly dificrent 
degrees of bri|d^®M> ^ith thehelp of the telescope ton additional degrees of mag- 
nitude-each ran^g from the seventh to :ho sixteenth magnitude— have l^on described 
by astronomers, stars of the seventh magnitude can be perceived by persons of keen 
eyesight, but those of the fifteenth and sixteenth magnitudes arc only visible in the 
largest telescopes ; even in the gigantic reflectors of Herscbel, of twenty feet focal 
length and two feet aperture, they are voxy faint objects. The aatellites of Uranus and 
the faintest of Satum^s satellites are estimated to be of this degree of brightness. 
'When the magnitudes of the fixed stars are expressed in this manner, it should 
be premised that their apparent magnitudes are understood by the expression and not 
their intrinsic and absolute value. The relative intensity of the light of the stars is 
still a matter of considerable doubt ; they have not yet been determined photometri- 
cally with any exactitude. Sir W. Herscbel endeavoured to compare the light of a 
alar of the sixth magnitude with that emitted by Sirius, by covering the speculum of the 
telescope when pointed at the latter object with a disc having a circular opening ; and the 
aperture was so diminished that Sirius appeared as a star of the sixth magnitude as seen 
with the full opening. When the magnitudes were thus rendered artificially equal, he 
found that Sirius, viewed with a circular aperture of one inch in diameter, was reduced 
to the same intensity of light as a star of the sixth magnitude when viewed with the 
full aperture of eighteen inches ; and he concluded fl ora this, that if the light of the 
latter be supposed equal to unity, that of Sirius would be eighteen times eighteen, or i 
three hundred and twenty-four. As the light of Sirius is fully three times that of a j 
star of the ordinary first-class magnitude, he considered that, in general, the light of a , 
star of the first, in proportion to that of one of the sixth, magnitude was as a hundred I 
to one. If in the intermediate classes the hrightrtss is supposed to be inversely as i 
the squares of the distances, we have — ! 

1st magnitude , . the brightness zr 100 
2nd „ ^ 

3rd „ „ 12 

4th r 

»» M z= G 

And in the two remaining classes be concluded, without reference to this law, 
dth magnitude » . the brightnesses 2 
6th „ „ = 1 

This detennination'^of the relative intensities of the brightness of stars rests, how- 
ever, OIL too narrow a baaig to be regarded as more than an approximation ; and it is, 
perhapo, impoasihle to determine the brightness of one class of magnitudes in fractional 
parts of that of another. All that astronomical observers have hitherto accomplished on 
this silhject has been to arrange and catalog|UC them in order of brightness, which, for 
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first six msgnitiidsS} is best done with the naked eye. Whiw^ th^ ate estimated by 
means of the telssoope great disi^qsianoies have occuiied l^een diffexent observers, 
and the fault of our celestial gldbes and charts has been that anumber of faint telescopic 
stars are inserted as among those visible to the naked eye, whilst othem equally bright 
ere com;||^letely Omitted, theil magnitudes being set down at the time their positions 
were first determined, and, perhaps, wrongly estimated from the state of the atmos* 
pbere, position of tho moon, or other causes. Those visible to the naked eye m the 
northern hemisphere have been thoroughly revised by Argelander, who has sub- 
divided the six classes formerly reckoned into sixteen, inserting two new divkions 
between each of the ancient classes ; thus, for instance, between the fourth and fifth 
magnitudes he finds many stars a little fainter than the fourth, which he terms 
the magnitude, aiid others a little blister than the fifth (y^ not* so bright as 
those of the 4*5 class) ,» which ho denominates theP5*4 magnitude. Sir John Her- 
schel, during his sojourn at the Cape, has instituted a farther approximation to correct- 
ness in the relative bi'ightness of stars, 'which will be of the utmost importance to future 
ngoa in arriving at a knowledge of the constancy of their brighteiess. This method of 
sequeneeSf as ho terms it, consists in choosing one of the brightest stmln any r^on of 
the heavens; secondly, one just inferi<^ to it in lustre; thirdly, one immediately infe- 
rior to that of the suppositious aecond magnitude, and so on for twenty or thirty times, 
until a catsJogue is formed for this particular region, with the stars ranged merely in^ 
regard to their brightness. On any subsequent opportunity this is repeated witha n#w 
set of stars, introducing, however, as'many as possible of the former series. By this 
; means, the relative intensity of all such stars as are virible to the naked eye may be 
I determined with the most rigorous accuracy. A valuable catalogue of such objects, and 
various proofs of the almost absolute certainty of the process, may be seen in Sir J. 

I Ilerschel’s Ilesult of Observations” made at the Cape. The want of such a class 
: of observations has led many astronomers to conjecture that great changes have taken 
! place in the brightness of stars since the time of Bayer, at the commencement of the seven- 
1 teenth centurj". Among others, Sir W*. Hcrschel was of opinion that at least one out 
I of every thirty stars observed and mapped by Bayer, bad diminished or increased in 
I brightness in the two centuries which intervened between the end of the sixteenth and 
j commencement of the nineteenth century. It was supposed that Bayer’s practice was 
I to call the brightest star of any constellation by the first letter of the Greek alphabet a, 

1 the next brightest fi, the third 7 , and so on. But Sir W. Hcrschel found that, instead 
1 of the Stars in the constellation of cygnus preserving this order, a, 7 , 5, €, Ac., 

; they now appeared according to the order a, 7 , €, /3, and 5 ; in Aquila they had changed 
j to the order o, 7 , 5, /3, e ; in Draco to 7 , jB, 5, o ; in Leo to a, 7 , jS, 8 , c ; and this change 
i was apparent in numerous other instances. But it would now appear as if the magni- ' 
I tildes of the stars had been carelessly inseited by Bayer, no such change being due to 
the objects themselves. 

Vumbex of Stars. — In our estimation of the number of the fixed stars, it would 
appear that we arc liable to an illusion ; and that the generality of individuals suppose a 
m uch greater num her to be visible than is found to be the case. The attention is probably 
directed to the richest portions of the heavens, and it may not unfrequently happen 
that the judgment is biased by what we], have bear'd or read, rather than by wbat we 
see. In4hi8 case it may naturally be supposed that other parts of the surfiice of the 
heavens arc equally crowded with stm, though they are not so bright or apparent aS the 
part.which we really have in view, it may thus be erroneously concluded that thourimds 
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of at«r8 are Tisible at the same morneot, whkii only exist in imagmation, When ire 
come to test this oonehmlon by abeolnte proof, H is found to be Tastly out of |nt>por* 
tion to these impressions. The whok number of stars yisiUe to the n^ed eye In ^e 
central ports of Europe-— riz., those included in the whole surface of the heavens north 
of the equator, and including a zone of SO** of south dSclination, comprising neariy 
ei^t-tenths of the whole sky — only amounts to 6,255, so that scarcely more than 
2,055etar8 oan be visible to the naked eye and above the horizon at the some momeoL 

An attempt haf been made to ascertain the number of stars of different magnitudes 
by supposing them to be situated at equal distances from one anotheTi and that they 
are all of the same absolute magnitude, but appearing differei^y in consequenoe of 
their various distances. There being fourteen stars of the first magnitude, we are to 
suppose them arr^ged at equal distances upon a sphere : supposing the stars of the 
second magnitude to be twice th£ distance of those of the first, the surface over which 
they would be scattered would be four times that of the former ; and if placed at the 
same distances from each other, it would take fifty-six stars to cover this area. The 
sphere of stars of the third magnitude would be nine times the area of that of the 
first, and it would consequently take one hundred and twenty-six stars to fill that 
surface ; and in a similar manner there would be two hundred and twenty-four on*the 
fourth, three hundred and fifty on the fifth, and so on. This law, however, does not 
correspond with the observed number of stars of different magnitudes, there being 
seventy stars of the second, and three hundred of the third— a much greater number 
than would exist on this supposition. Various other hypotheses have been formed to 
show the probable number of stars, of different magnitudes, visible on a given portion 
of the sky ; hut the data are too inconclusive and vogue to secure any degree of 
accuracy in the result. 

It would be difficult to determine the number of stars fainter than those of the 
sixth magnitude. The catalogue of Lalande (called the Mistoire and published 

at the latter part of the last century) contains the places of about 50,000 stars visible 
foom the north pole to 25^ of south declination, and including those from the first to 
the ninth magnitude. The zone ineluded between 15*’ of north, and 15° of south 
declination, contains, accor^g to the more modem observations of the illustrious 
Bessel, 31,085 stai-s, viz ^ 

6G4.bright stars from the 1st to the 6th magnitude. 

2,500 of the 7th magnitude. 

8,183 „ 8th „ 

10,738 „ 9th „ 

Stars fainter than those of the ninth magnitude increase in’numbcr in a wonderful 
degree, and Struve concludes that the number of stars^ visible in the twenty-feet 
telescope of Herschel, in the same zone of 30° in breadth observed by Bessel, amounts 
to the enormous number of 5,819,000, by far the greater number of which arc situated 
at those parts where the milky way intersects the equator at six and eighteen hours of 
right ascension. Kor will this appear overrated, when we recollect that on one 
occasion Qerschel perceived nearly 120,000 stars, which jpassed through the field of 
view of his tebecopa (15' ua diameter) in a quarter of an hour. The stars observed 
by Henchdl appesr to have been situated in the following order in respect to their 
right aioension, end their density as they approach the milky way becomes imme* 
diately apperettt 
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„ 6h. „ 9h. 

»» 

11 

. 1,984,200 

„ 9h. f, ISh. 


11 

28S,400 

„ ISh. „ I7h. 

t» 

11 

387,000 

„ m. „ 2i». 

W 

11 

. 2,365,100 

„ 211i. „ Ik. 

tf 

n 

455,600 




6,819,000 


Thug, in respect to the distribution of stars of different magnitudes in the heavens, 
we perceive that the least crowded regions lie between nine and seventeen hours, and 
twenty-one, and five hours of right asoension. If we take the most brilliant stars, 
or those of the three first magnitudes only ipto account, we find them be pretty 
evenly distributed over the surface of the heavens ; 1||at those of the fourth, fifth, and 
sixth magnitudes are efingregated more densely as they approach the milky way- 
At evc^ succeeding class this becomes more and more apparent, and the faintest 
stars are most thickly crowded in and near this zone. This wopid naturally lead us 
to imagine that there was some connection between the great galactic circle and the 
other portions of the heavens, and that they might form one great system. ^ 

The milky way extends completely round the heavens,^ and makes alinosi a great 
circle upon its surface. The breadth is very unequal^ — in some regions it is not more 
than 6", in other parts it is two or three times that breadth. For one third of i^ ^ 
extent, viz., between Serpentarius an^ Antinous, it is divided into two branches ; but 
for this distance of about 120* the dark opening is of no great breadth. The resolva- 
bility of the milky way into distinct individual stars, w’hich was proved immediately 
on the invention of the telescope, had been long previously conjectured by some of the 
ancient philosophers, w'hilst the absurd suppositions of others on its structure — if 
they were ever supposed worthy of examination — were dissipated by the same dis- 
covery. Ifo other theory was started, however, to BU|^ly their place, or to explain 
this phenomenon, until ah«»ut the Tnid^le of the eighteenth century, when Thomas 
Wright, of Durham, author of the Clavts CfiUstUy endeavoured, in his ** Theory of the 
Universe,” to account fur this appearance by supposing that the stars were ranged in 
regular atra*a^ and not dispersed fortuitously throughout space, as w'as previously 
supposed. By this arrangement, although the individual stars composing the stratum 
were at v^st iistances apart, yet supposing our sun and its attendant satellites to 
be situated near the centre of this plane, wc should witness su(h an appearance as 
the milky way presents. In the direction of the plane, the stars would be seen in 
suqh vast numbers, although the more distant ones would be so extremely small, that 
it would appear as a white and confused zone of light projected on the dark space sur- 
rounding us on every side. This idea received further development from the cele- 
brated Immanuel Kant, who considered that it was rendered probable from the 
arrangement of the three or four thousand stars visible to the naked eye, the greater 
number of which were contained in a zone within a abort distance of the galactic circle. 
Lambert was likewise of opinion that all the stars visible through the best telescopes 
lay in one vast stratum, but he considered that many of the clusters in the milky way 
were separate and individual systems, but nevertheltiss subsidiary members of one > 
great system. Those immense clusters, each containing millions of stars, were oon* 
nected and held together by the same power which predominates in inferior and more 
simple systems, and Lambert went so far as to imagine that the separate elusl^ 'per* 
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fonued rerolutionB round « great central bod^ in the tame xnannor aa oar planet and 
satellite mores round its prknary* 

The attention of Sir W. Hersohel was pariicularlj directed to the subject of^ tho 
construction of the hearens, and his labours in this field nyist be regarded as among 
the most important of his works. In order to bring the ^eories started by his pre* 
deoessors to a test, and to obtain an idea of the form and dimensions of stellar 
unirerse, Hersehel had recourse to a long and laborious method, which he properly 
termed ** gauging the hearens.” This was done by directing a powerful telescope (the 
twenty<^foot refleci^} to different parts of the sky, and counting number of stars 
in each field Yiew. In order to insure greater accuracy, he counted the number of 
stars In ten contiguous fields, and took the average to express the comparatiro riches 
or xioYerty of tho district. In some portiens of the] sky only three or four stars of all 
magnitudes were inen per field for a considerable distance ^round, whilst at other 
times the field was crowded with many hundreds, and those latter portionf were 
always found in or near the milky way. By combining fbc numerous “gauges" 
which he made, he endeavoured to determine the various depths (from tho different 
degrees of obliquity in which the stars were viewed) of the milky way ; supposing the 
individuals composing it to be placed at pretty equal distances, he concluded the whole 
visible heavens to be of a lenticular form, and not a stratum of stars inclosed by plane 
surfaces. The proportion the thickness bears to the diameter of this lens he considered 
w^s as one to five and a half, and be further concluded that the sun was removed but 
little from the centre of the group. Subsequently, when the motion of various double 
stars, consequent on tbeir physical connection, was discovered by Hersehel, his ideas 
were considerably modified j he now imagined that ho perceived evidences of this 
physical connection in the great groups of the milky way, and that this “ clustering 
power," 08 he termed it, tended to break it up into fragments. 

Kor was this the only evidence of the motion of the stars in space, many of them 
were endowed with an indubitable motion, as was apparent from their positions, com- 
pared wrilh neighbouring stars ; and, whether duo to their own proper motion or to 
that of the sun, it must he considered as an absolute proof of the instability of these 
bodies in space. Among the stars w'hich are thus known to have considerable proper 
motion, wo may mention /u Cassiopeisc, which has a proper motion of 6"-82 annually, 
in right ascension, and l"*o5 in north polar distance. Tho star 61 Cygnis, whose 
distance has been determined with some exactness, is one of those which has a large 
proper motion, and it was in consequence of this circumstance that it was chosen by 
Bessel for the determination of the annual parallax. The proper motion in right 
ascension amounts to 5"*39, and in north polar distance to 3"‘30. In 40 Eridani 
, the proper motion in right ascension amounts to 2"* 16, and in north polar distance 
to 3"*46. The star 1830 of Groombridge’s, which was considered to show the greatest 
amount of parallax, is one of those whose proper motion is the most considerable, 
amounting to 6" *16 in right ascension, and 6"*70 in north polar distance. Other 
stars in almost every constellation have large proper motions, but the quantities are as 
yet somewhat doubtful, as it is only by the comparison of accurate modem observations 
with ancient authorites nearly as accurate, that these small quantities can be 
deduced ; and it is only sinc^ the times of Bra^ey that tho places of the objects can be 
depended upon. 

Enough, however, has been effected to show the reality of their movement and its 
dhectionl If this were due to the motion of the stars themselves, it might be supposed 
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that they would more in all directions, north or south, east or west ; and though this is 
found to be the case with some, yet with far the greater number the direction taken is 
much more regular. It has hence been conjectured that it is the sun itself which is in 
motion— the ^nsoqnenoe of which would be, that those stars which are situated in that 
part of the sky which we approach would appear to be separated more and more, as the 
angular distance would increase die nearer we approach to the objects. In that part of 
the celestial regions which we are learing behind us, the stars would appear to be falling 
closer together for the contrary reason. Although this supposition, explaining the 
proper motions of stars as being due to the simple dS^ct of parallax, made by both 
Mayer and Lambert, it was Sir W. Ilerschel who first attempted to show the direction 
of the solar motion, which he concluded was towards a point in the constellation of 
Hercules, whose position, in 1783, was at 2olS of right ascension and 6o‘^o/ north polar 
distance. An attempt ^has since been made by A|gelander to, sglve this problem, 
and that celebrated astronomer arrives nearly at the same result as Herschel, finding, | 
from an examination of the proper motions of three hundred and ninety stars, that the < 
part of the heavens towards which the sun is progressing, is probably situated at < 
200'* 51’ of right ascension, and 58® 43' of north polar distance. j 

Nature and Different Speciee of Stars.— It would, of course, impossible 
to form any idea of the stars ; but analogy would lead us to imagine that beat and 
light which they emit is in every respect similar to that of our own sun ; and some 
photometrical experiments, which have been made on the latter object, seem to show e- 
that, if it were transported to the same distances as some of the stars whose distances 
are pretty well known, its magnitude would not bo so great as many which we see 
around us. From the distance and orbit of Cl Cygni, Bessel was able to arrive at a 
rough idea of the.masses of those stars, which he found were not greatly under that of i 
the sun ; and if this was the case with a star of that magnitude, we may conclude that I 
the brighter objects are considerably larger than our luminary. It is certain that 
reflected light could not reach us from such immense distances, and wo must conclude 
that, like our own sun, they are selfjluminous, although we know nothing of the 
agency at w^ork to produce those extraordinary effects. It would be rash to imagine 
that, like it, they are all accompanied by a cortege of planets ; for some of the latter 
bodies in the solar system have numerous satellites, our own earth but one, and others 
none whatever. But it would be equally rash to conclude that their heat and light 
expend them *-clve8 in the unprofitable and dark voids of the celestial spaces ; and, in 
addition to tlic slight evidence W'hich analogy affords, wo have the further proofs of 
their being the centres of great systems from the remarkable phenomena of double and 
changeable stars, the latter of which, in a different point of view', may be regarded as 
evidence of th'^ir rotation on their axes, as in the case of our own sun. , 

Double Staxa. — A few' of those curious objects have been known ever since the in- 
vention of the telescope ; and in a cursory examination of some of the brighter stars, as 
Castor, ( Urs© Minoris, a Herculis, y Virginia, an observer could not help detecting 
the strange appearance of two stars close together and almost blending tlieir light, 
forming, apparently, but one star to the naked eye. In the middle of the seven* 
teenth century further importance was attached to those curious objects, and several 
were closely examined, although without any result, foi; the purjwse of determimng 
their ant\pal parallax, for which they offered peculiar advantages. It was then supposed 
that all those objects were fortuitously or optically double, one of the components— most 
I probably the fainter — ^being situated aj a much greater distance from us \han the 
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brighter, but both appearing in the same direction. It was for this puipese, like- 
wise, that Sir W. Henohel commenced, in 1779, to apply his powerfol tdesoepes and 
delicate micrometen to the task of recording their distances and positiona in re ^g^ te 
one another. But in looking for one thing, aa sometimes happens, another waaUmnd; 
and it became apparent that the components were not only* at the same distance font 
the sun, but that the Nnaller body, in many instances, described an orbit round the 
larger star. It ahoedd not be forgotten, howeycr, and it tends much to the credit of 
philosophical conjecture, that this remarkable law was previously surmised by the cele- 
brated Lambert, who considerGd it possible that there were abme groups in which the 
stars might mahe complete revolutions round a common centre of gravity in a compara- 
tively short poRod of time. MJtchell conjectured the same law to apply to the more 
simple case of a double star, and in 17S4 he supposes that in a few years this qiuestion 
would be resolTod by the staip whose positions and distances were ascertaixted by 
Hersohel. The great discovery was first published by 'Herschel in 1803, who 
had then perceived a decided change in the positions and distances of several 
stars, as ^ Ursse Majoris, Castor, ^ Bootis, 70 Ophinchi, | Cancri, (Hereulis, &c., d;c. 
The labours of the elder Herschei were resumed in more modem times by his celebrated 
son, who, in conjunction with Sir J. South, reobserved all the stars in the northern 
hemisphere, and who also observed independently and measured all those discovered 
by him in the southern hemisphere. Struve, at Dorpat and St. Petersburg, also made the 
subject his constant care since the year 1814, and with the powerful means at his com- 
mand has observed and reobserved their positions with the greatest possible accuracy ; 
indeed the publication of his great work, “ Mensurae Micrometricce Stellarum Bupliciuia,'’ 
forms an era in this subject. This work contains observations of three thousand one hun- 
dred and twelve double stars, nearly three-fourths of which were dtsepvered by hiroat‘lf. 

The eombinatioiis of the ef^mponents of double stars take every variety, both in 
regard to magnitude, distance, and, we might add, colour. The components of Castor 
are each of the third magnitude and of the same ashy white eolour, and close together, 
as are likewise those of y Arietis in the same r^pects; whilst the stars Polaris, a in Her- 
culis, y in Delphini, are very different either in magnitude distimce, or colour. Out of 
the 3,000 stars detected by Struve, only a small portion have as yet been detorminedto 
be physically connected or to form himfry ftystemi, as it has been termed ; and the numbers 
whose orbits and periods have tw?en even approximately determined are fewer still. 

^ The time which has elapsed since the discovery has been too inconsiderable to 
determine their periods, some of which, as that of ipsilon Lyras, cannot he less than 
2000 years; and in others, as in 61 Cygni or y LeoniSj the period is several hundred 
years. Among those whose orbits have been determined with more or less exactness, 
we may mention the fcdlowing : — 


Kaiue of the Star. 

Mean Distance of 
the Comronents. 

Eccentricity. 

Period. 

Direction of 
Motien.. 

f Herculis . . . 

1-25 

0*448 

Years. 

36-4 

Retrograde. 

n Ursa? Minoris . 

2-44 

0*431 

61*6 

yf^OoT Bor, . . . 

70 Ophinchi . . 


0-404 

C7-3 

Direct. 

4-97 

0-444 

92-3 

Ketrogcade. 

<r Corbnro . . 

• 2-93 

0 577 

199-9 

Direct. 

y Virginia . . ' . 

Casjor .... 

5-35 

0 868 

167-6 

Ketiogrado. 

701 

0-797 

« 

230-3 

Retrograde. 


r 



OILBITS OF DOUBLE 6TAB8. 

M. Sawy was the first who detennined that the reTolntion of a star round its 
{nimary was x»erfonned in the same manner aa that of a planet round the sun, and 
oonformahly to the laws of grayitation ; and the same principles applied to other stars 
harn^ttown that the first two laws of Kepler, founded upon the motions of Hars, 
extend to the revolution of sun around sun. In determining the orbit, supposing it 
to be an ellipse, the same elements have to be deduced as in a planetary orbit, with 
the exception that the period of revolution and the semi*major axis are here two 
distinct elements, and that the latter is not expressed m linear measure, but in an arc 
of a great circle. From four observations of the angles of position and the distances, 
knowing the intervals and taking the Keplerian laws as the hesis of .calculation, the 
seven elements of period, semi-major axis, eccentricity, nodes, inclination, position of 
peri-aetre, and epoch of the peri-astre, can l^e determined. In the first place, how- 
ever, the apparMt ellipse must be detennined befor^ the tmI one can be arrived at. 
The first is that which tfie star describes around its primary on the plane of the sky *, 
but the orbit may be inclined at any angle to this plane, and it is only when the plane 
of the orbit is perpendicular to the lino of sight that the true and apparent ellipses are 
identical. The projection of the circular or elliptic orbit on the plane of the heavens 
remains always an ellipse, but the projection of the focus and the major and minor 
axes will take difierent positions ; and the proportions of the latter to one* another, and 
consequently the eccentricity of the orbit, will be different. In consequence of this 
difference between the apparent and true orbits, we sometimes see the one star pro- , 
jectod on, or occulted by, its companion. Such was the case with y Virginis, which, 
from 1834 to 1836, appeared as a Well>defined single star. The plane of the orbit 
of the companion of 44 Bootis, is almost perpendicular to the plane of the heavens ; 
and between 1802 and 1819 an almost central occultaiion must have taken place. The 
companion of f Herculis has twice undergone an eclipse, in consequence of the great 
inclination of the orbit to the plane of vision-^once in 1802, and again in 1831. 

In addition to the double stars, triple and quadruple stars are sometimes met with ; 
and if the fortuitous combination of the former is so little to be expected, that of the 
latter is much less probable. Among the more conspicuous of the triple stars, that of 
^ Cancri holds the most prominent position, the three stars, all Of which are nearly of 
the same magnitude, being physically connected. The close double star has made 
upwards of a revolution in a retrograde direction since 1782, and the more distant one 
has moved fifty degrees in the same time. In the list of quadruple stars, the most 
remarkable is that of e and 6 Lyree, which can be detected as double by a keen eye 
without the aid of any instrument ; but each of which, when examined with a power 
of two hundred, appear as a double star, the four components being nearly of the same 
magnitude and colour. This system likewise seems to be physically connected. 
Among the multiple stars, that of 0 Orionis, situated in the centre of the great nebula, 
is the most apparent, six stars being situated in a circle of twenty-three seconds in 
diameter. 

The colours seen in the components of many double stars have been described by 
some as an optical illusion, on the ground that it is always the complementary colours 
which axe thus perceived, as in a similar manner a white spot seen on a red ground 
will appear green. It is, however, impossiblG to view the componenia of a Herculis 
or y Andromeda, without coming to the conclusion that they have a proper colour of 
their owh, and that the blue and orange so vividly distinct is something more than 
the effect of contrast. In those stars which show high and brilliant colours, |;he larger 
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star is alwrajs of a goldesii orange^ the smaller greenisih or bluish, lu many, hoarerer, 
the oompoxients are of the aame colour ; but it seldom happeus tbat the tiro colofirs are 
of a bluish or greenish tint, most frcqueutly they are white and y^ow. 

Tempmacy naA^lTiiiiable fitaza. — ^Those stars which vary in brilliaiioy Irom 
time to time, and others which suddeuly seem to start igto" existenee and disappear as 
precipitately as they bate become visible, must be regarded as the mdst curious objects 
in the heavens, for they prove manifestationB of life and motion in the immeasurid>ly 
distant regions of space ; t|iey form one of the subjects, too, in wbicb even a lover of 
science who does not possess a telescope can, by simple observadonWf relative 
brightness of the various stars, recorded on favourable opportunities, confer consider- 
able benefit on this branch of sidereal astronomy. A telescope in this case is of little 
value ; the field of view is much too small to include the stars proper for comparison 
with the obj^t w^ose light is suspected to be variable, and the photometer has hitherto 
been of vmy little service. The most accurate Tesults which have been obtained as 
yet are due to observations with the naked eye, compared with stars in its vicinity ; 
by this means the interval between the faintest and brightest phases have been found 
with far more accuracy than at first sight would be imagined. 

There are numerous instances of the appearances of temporary stars recorded in 
the Chinese annals, but the two most remarkable of those phenomena have occurred in 
comparatively modem times, and have been minutely described by the two great 
contemporaries, Tycho Brahe and Kepler. The first oppeared in the year 1672, in 
the constellation of Cassiopeia. On the llth of November of that year, when seen for 
the first time by Tycho, it surpassed in brilliancy both Sirius and Jupiter, the most 
lustrous objects in the heavens. In the following month it had diminished slightly in 
brightness, but was still equal to Jupiter. At the beginning of 1573 it was inferior to 
that planet in brightness, and by the end of March it was not brighter than the prin- 
cipal star in Taurus, although still a good first magnitude. It continued gradually to 
decrease until the cud of the year, but remained visible to the naked eye until March, 
1574. If its period of increase was equal to its period of decrease, it must have been 
visible to the naked eye for nearly three years, as it was not noticed until it had 
attained its maximum brightness. For a description of the second instance we are 
indebted to Kepler. It was perceived suddenly in the constellation Serpentarius on 
October 10, 1604, and appears to have been nearly as brilliant as the farmer one, 
though not so favourably situated for observation. It remained visible to the naked 
eye (the telescope had not yet been invented) for upwards of a year. A star of the 
third magnitude also appeared suddenly in the constellation of Cygnus in the year 
1670, which soon afterwards disappeared ; it again made its appearance, and again dis- 
appeared, and has not been since seen. It underwent several changes during the two 
years in which it was observed. 

▼aviable IPeziodic Stazs. — The appearance of temporary stars are as rare as 
the phenomena observed are extraordinary. Of a similar nature, however, are the 
class of periodic variable stars, whose changes of lustre are equally as decided and 
curious as those of the objects just mentioned ; being more known, however, they 
excite less attention. The most singular of those objects is Omicron Ceti, whose 
variability was first discovered by Holwarda in 1639, and which has a period of about 
eleven months. Although at its maximum brightness it reaches to the second magni- 
tude, it does not appear to have been at all noticed by any observer previous^ to 1696 ; 

but this cnay be partly in consequence of the length of its period, for if the maximum 

_ : 
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ititeneity of light falls in tho stunmor months, it may sometimes remain inTimble ibr 
three or four years together. During the winter months this is not tho case ; but> 
as happened in February and December, 1847^ two ma^ tima may take place during 
the same year. There is another circumstance which has been noticed, and which 
may tend to explain tiie sil^qp of ancient authors and ohserrers. This is that the 
star, when at its maximum brightness, does not always reach the same hril* 
Uancy, sometimes approaching in brightness to stars of the first or second ntag- 
nitu^ at this period, whilst at other times it is not l|rig|rier than the fourth magni- 
tude at its maximum. It has generally been supposed 4t disappears entirely at 
the period of its minimum eren in the best telescopes; but this is not always the case, 
fat at these tinuMi It has occasionally been observed to be not faints than stars of the 
eleventh magnitude. AVhat its variations of light may he when visible only in tho 
telescope is not very well kttotrn, as it has not been closely ebserre^ at those times ; 
but it is certain that, whillt Visible to the naked eye, its iittciuations of brightness are 
very remarkable. It is visible to the naked eye on an average for about two months 
previous to the period of its maximum brightness; but the period of its diaunntion of 
brightness is generally longer than that of its increase, and it has been visible to the 
naked eye for three months after its maximum, the average duration being, however, 
only seventy days. It sometimes, but rarely, happens that tho interval whjch elapses 
! between its coming into sight and its maximum brightness is greater than the time * 

' between its maximum and disappearance. Some attempt has been made to reduce the i 
fluctuations which its light undergoes and established a law ; but some of the chongeji | 
are too abrupt and irregular to be dealt with in this manner or to bo foretold with any | 

! accuracy, 

* ^mong the other stars of long period, which are visible to the naked eye for a | 
i length of lime, and then entirely disappear from sight, is x iu the neck of Cygnus, 

! which is almost as remarkable as the preceding. Its light varies between the fifth and 
eleventh magnitude. Its maximum brightness, like that of o Ceti, is, however, very , 

I variable ; sometimes it reaches to the fourth magnitude, and at other times its maximum 
' is not more than tho 67 magnitude, when it is quite invisible to the naked eye. The j 
1 variability of the light of this star was discovered by Gott&ied Kirch, but the period ( 

: was first found by Maraldi. The interval between its successive tnaxma and minima, 
as well as its intensity of light, at those times, has since been discovered to be very 
irregular. On some occasions it has been visible to tho naked eye for a period of 
nearly three months ; but the average duration, according to Argelandcr, is only fifty- 
two days, being twenty days of an increase and thirty-two of a decrease, Tho longest i 
period which has yet been recorded in the class of variable stars occuw with the star i 
30 Hydrin, whose period has been determined by Maraldi at four hundred and ninety- I 
four days, this period, however, is very irregular. At its maximum brightness it some- j* 
times arrives at the fourth magnitude, and at other times only at the fifth, and thence | 
it decreases in brilliancy until its entire disappearance. The star 19 Leonis is another 
with a very long period, the interval between its miccessive maxima being three hundred 
and eleven days. This period, however, ie also somewhat irregular, and the changes 
in its brilliancy occasionally abrupt. At its maximum brilliancy it is equal to stats of 
the fifth magnitude, and is invisible at its minimum. These are the only four stars 
hitherto discovered which are invisible to the naked eye'at their maxima, and vanish 
out of si^t at their minitm, except to the most powerful telescopes. There are a few 
other stars discovered by Harding, Schwerd, and Hind, with periods which gppeor to 
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I be upwards of a year ; but eyen at their maxima these stars are only yisible in a tele* 
scope^ and not the slightest trace of them can he peroeired in the best instruments at the 
epoch of their minima. 

In others of the yariable stars, the period is much ehorter ; but the change of lij^t 
18 not so considerable* The most remarkable of those is^the star fi Persei, in which the 
interval between two sucoessiye maxima is only Id. 20b. 48m. 58s., and is otherwise a 
very curious object from the abrupt and variable changes of brilliancy which it exhi- 
bits. For the greater portion of its period it remains at nearly its maximum brightness, 
or of the two and a half magnitude. In about four hours it suddenly decreases to the 
fourth magnitude, which is its minimum brightness, and in a like period of four hours 
it regains its former brightness. There are other J>ut less remarkable changes in 
its brightness ; it is one of the best determined of the variable class. The majority 
of the periodic sti^ shine with a reddish light, but this shows no sign of colour, being 
of a pure white. The star 5 Ce^hei has a period of 6d. 8h.*^87m., with a variation of 
brillianoy from the third to the fifth magnitude. This star exhibits great regularity in 
its successive changes of brilliancy, which have been determined with considerable 
exactness ; but the periods of increase and decrease arc very dissimilar, as it takes 
3d. 18h. to pass from its maximum to its minimum, and only Id. Ifih. to return from 
its minimum to its maximum, according to the careful observations of Argelander. 
During eight hours of its decrease it scarcely, if at all, changes ; and for a whole day i 
its diminution of brightness is scarcely perceptible. Two other variable stars of short 1 
period— A(^uil(£ and /3 Lyroe — are known at present. Both of those stars change 1 
from the three and a half to the four and a half magnitude ; the former in 7T8 days, ! 
the latter in 12’8 days. The period of the latter star was fi.rst stated to be 6d. 9b. by j 
Goodricke, who detected its variation, which he at first supposed to bo from the third to j 
the fifth magnitude. In this determination of the length of the period he was partly | 
correct; for it is one of those stars in which there is a smaller variation of brilliancy ' 
within the larger period. After its minimum brilliancy, it passes in 3d. 5h. to its first 
maximum, and then in 3d, 3h. to its second minimum. In 3d. 2h. it again rises to its 
second maximum, and after this in 3d. 12h. to its former minimum. The whole period, 
according to Argelander, is 12d. 21h. 46m. 40s., in which period it performs all the 1 
preceding changes. This celebrated astronomer is of opinion that the period is dirai- j 
nishing, and that it is now some hours shorter than when first discovorei Even from 1 
recent observations it is apparent that there is a decrease in the period. 

Previous to the time of Sir W. Hcrschcl, it was only stars of very long and very 
short periods which were known to be variable. The period of a Herculia, discovered 
by him proved, however, that there was an intermediate class. Thi-s star is remarkable 
for its deep orange red colour, which is very strikingly contrasted with its small dark 
blue companion. The period was considered by Ilerscbel to be 63 days, but the change 
of lustre is very slight, being only from the third to the third and a half magnitude. 
There is still some doubt respecting its period, some observers considering that it is 
as much as ninety-five days ; but from seven years' observations it would appear that 
a period of sixty-six days would agree better with the changes which it undergoes. 
The observer Heis, who has particularly attended to this species of phenomena is of 
opinion that the variations of light are best satisfied by a period of 184’9 days with two 
maxima and two minima, filinco the time of Herschel, various other stars of medium 
periods have been added to that of a Herculis, nearly all of which are, like it, stars of 
considerable magnitude. Thus a Cassiopei® changes from the second to the third mag- 
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nitude in 79d. 3h., according to Biot ; but it is Tcry difficult to deftermine the exact 
period, the cdiange of brilliancy’ being very slight and apparently irregulat. This is 
equally the case with a Orionis, which, at its minimum, becomes slightly inferior to 
stars of the first magnitude ^ and, according to Argelander, the period of increase of 
light tahes place in ninety -onesdays and a half, whilst it continues to decrease in bril- 
liancy during a hundred and four days and a half. The period of a Hydro is supposed 
by some to be performed in fifty-five days ; but the change of brightness being minute, 
08 in other instances, it is somewhat doubtful. Sir J. Herschel considers it to be per- 
formed in twenty-nine or thirty days. The stw commonly designated as f in the 
constellation of SobieMa Shield, is remarkable for ^ great variation of its magnitude, 
particularly at its minimum, when it varies between the sixth and ninth magnitudes. At 
its maximum it only varies between the fifth and sixth. Among those of darter period 
may be counted that of Pegasi, which varies between the second andrsecond and a half 
magnitude, but whose period is not more than forty days. At the present time, yfo thus 
know stars of almost every period from 2d. 20h. to 406d. Ih. Hiere and 
I)eriod varies between 1 and 100 days ; two between 100 and 200; eight feom* 300 to 
400 ; and two above 400. It is curious that there arc none at preset known whose 
period is between 200 and 300 days. 

Herschel considered that, by introducing a medium period between 4hose which 
were very long and very short, ho proved the rotation of those objects on an axis, 
by which means such portions of their sutfaces as were dark and obscure came into 
sight at stated times, and hence their apparent faintness. To the astronomers of the 
16 th and 17 th centuries — ^by many of ’whom the rotation of the earth was doubted, and 
tliat of the other planets unknown— this method of accounting for it would have 
appeared strange. It was attempted, however, by Bouilland to explain the changes of 
Omicron €eti on this principle ; the larger portion of the surface of this star was, 
he considered, non-luminous, which rendered it invisible for the greater part of its 
period. Another supposition in respect to those changes was, that they were due to the 
interposition of opaque bodies, by which |hcir light was more or less eclipsed at regular 
intervals. Maupe^ius considered that, among the many stars which were scattered 
through space, there were some whose figure was not regularly spherical, but greatly 
flattened at the polar regions, and that the variations of light were due to the thin edges 
of those being sometimes presented to view and at other times the large surface of 
the flattened disc. There is yet no eicperitnenium crude known, by which it Can be 
said whether either or any of these hypotheses are correct. 

Clustaxa and Xabulse. — The most striking and magnificent objects which the 
sidereal heavens present to view, are the clusters and nebulm, where, in a telescopic 
field of view of a few minutes in diameter, we may perceive a crowd of stars collected 
together and forming a small patch of light, the individuals composing which must be 
some thousands in number. To those wherein the stars are plainly seen, have been 
given the name of clusters ; but in others which are unresolved, the terms nebula and 
unresoked mbukaities have been applied.' The nebulee and clusters which are at present 
known are of every degree of resolvability, and though some of those which are 
generally called nebulas have been resolved by the most powerful instruments, yet 
there are others which have baffied all the attempts of opticians to separate them into 
individuals. They are of every conceivable shape and size, from the regular and 
minute form of the planetary nebula of a few seconds in diameter, to the amorphous 
and large lurfrce of the great nebula in Orioa. Numerous clusters of stars ar^ visible 
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to the naked eye, aa the Pleiades, Hyades, the Prosepe of Cancer, end that in the 
sword handle of Perseus ; and in the southern hemisphere we have the Magellanic 
Clouds, which cover a space of some square degrees. 

The most magnificent of the (dusters which have been resolved by the telescope, is 
that in the constellation of Hercules (Fig. 7S), which can be detected on a clear nxgbt by 
the naked eye, aiid which, in the telescope, 
presents one oi the finest instances of dense, 
isolated dnstering in the whole of the heavens. 

The stars are from the tenth to the fifteenth 
magnitudes, and are so densely congregated 
roumd tihe centao that it presents the appear- 
ance of a blase of light in that part. T)ic stars 
are pretty evenly distributed ip the interior, 
but arc rather irregular at the edges, where the 
stars are formed into curvilinear branches. Sir 
J. Hersch^ is of opinion that there are some 
thousands of them, some of which are the 
faintest that the telescope can show. This 
object is only seven or eight minutes in diame- 
ter, and, with the telescope which Sir J. Her- Pig. 75. 

Bchel employed, no appearance of a nucleus was perceptible ; although, with a smaller 
^)ne, such might be suspected. 

The fifth object in Me86iei*^s catalogue, is another very rich but compressed speci- 
men ef a globular cluster (right ascension Idh. 10m., north polar distance 87'" 16 '). 
In this case (Fig. 74 ) the density towards the centre is not gradual, the condensation 
commences suddenly, and the blaze of light into which it is formed appears pi ojected 








on a loose ifregular ground of stars. The neighbourhood of this cluster is very poor in 
latais — a circumstance which Sir. W. Hcrschel remarked in other cases, and wkkh 
he conceived might be due to the stars being attracted to one point and formed into 
one cluster. The duster situated at 2lh. 25 m. right ascension and 91 ° 34 ' of north 
polar distance, appears like an unresolved nebula with instruments of oven ctmsider- 
ttblep<*wer; and it is only when viewed with the great ligbf juuI high magnifying 
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puwoiB, that falut tracee of Btai« become apparent on Its surface (Fig^ 7^)* FiVtsr 
specimens of clusters, or rather nebuhe, mtrely resolved, are seen at Figs. 76 and 77) 



where it takes a very fine sky and splendid instrument to show the gramf of star-diist 
faintly visible on its surface* may consider the latter of tboea as the entsemc 
boundary of the clustering species, alter which the nebulse, properly so oalkd, begin. 
As the reflecting telescope advances more and more to per&dkm, vre may, Imweveit 
expect that many 
objects will be W’on 
from the mysteri- 
ous domain of ne- 
bulae, and placed 
to the account of 
the more explicable 
cluatera* 

The huge clus- 
ters have some ap- 
proach to regular 
rity, but this can 
scaroriy be said of 
the more consider- 
able nebnlso. The 
flnest of those is, 
without doubt, 
that of Orion (Fig. 

78), which, for its 
various inequali- 
ties of Hght and 
shajja, its gaeat 

extant* and tlm 

. . . Pig. 78. • 

capncious irregu- ^ 

laxities in;\he form of the great promontories which jut out from the main body, con- 
stitute it' one of the most noble and myf:tcrious of those objects. When examined 
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with the two>*feet mirror of 8ir John Hersohel and some powerful rei^aoting telescopes, it 
shows Some signs (^EesolySlnUty, being likened to a curdling mass, or the breaking up of a 
mackerd sky. But with the gri^t ^irior pf Lord Home, the re^lution is complete, and it 
is bretoi'^inte distin^stip^ ^^iidilare scattered in irregular masses through its body. 
The gfM uiihidA^ of ^cbmneda (iFig. 79) is another, 0ety conspicuous ol^eet of the 
chjw^ fun! be petspetyed with the naked eye on a BnA dark night. It is a long 

el^^jic^ of iig^^ti&er brighter towards the, centre,* and was compared; by its 
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discoverer, Simon Ma- 
rius, to the dame of a 
lamp shining through 
a piece of horn. With 
the improved optical 
measmof more modem 
times, equidly as with 
the impesibot telescope 
of MariUBi no signs of 
TCsolvability have as 
yet appeared, though 
the surface has been 
noticed to be dotted 
over with innumerable 
stars, which are not, 
however, supposed to 
be directly connected 


with it, being merely casual groups interposed between it and the sun. 

The mtdority of the nebulm hitherto disco vered^now upwards of 3,000 in number— 
are mostly of regu- ||^lllllllglllllll_ll|l^llligg|giglllllll^lllll^^ 

larfbiem, being either 
oireuiar .or mom or 
lem e^tic, 
of 

th^aremany others, 
and those, among the 
laxgtMlt and brightest, 
in which the nebulous 
matter IS diapersed 
very , capriciously, no 
regtiarity. per- 

cepiible. Among the 
one situated 
at right 

ascenrion, 
of north polar 

be instanced, being of ■BBHBHBIMBHMBBiHHBBBBBBBBiP 

the ^ihapeof the large * Fig. bo. 

Greek omega, and no 83 rmptomB of resolvability being apparent. Among the more re- 
gular fc rms are those termed amular nebulae and (^mstarynebulm. The fine object situ- 
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atedat200”40'of right ascension, and 41** 56' of north peUr diatanoe {¥%« 81}^ and 
which is large enough _ 
to be peroeiTed as a 
faint patch of light In 
a small teleacope, is 
among the finest in- 
stances of the former. 

In this instance, the 
Bummnding ring ap- 
peared in the two foot 
mirror of Sir J. Her- 
Bchel to be divided into 
two branches ; but in 
the great telescope of 
liOrd Rosse, the whole 
takes the form of a 
spiral, and many cari- 
ous details become 
visible. The smaller 
nebula below (here 
represented as quite 
detached), appears to 
be connected with 
the larger body by a 
projecting branch of 
the spiral. A fine spe- 
cimen of the more sim- ^ j 

pie and rare form of ' t . 

nnnular nebulm is that skualed |n the (1^ 

right ascension and 57* IT of ndtth polar distaiS^ /p I# ^ 


centre. The form of cometory nebul® will he seen by Fig. 83, the pointed end|>eiQg 
attached apparently to a star which d|ipear» like a stellar nucleus. ^ 


AftTRnkinMV ..Mn 





290 


GLOBtrLAH rORM OF NEBULA. 


In the ekeular or globular form of nebulae, the degrees of condensation of the nebo- 
Ions mattM* towards their centre is very different. In Fig. 84, right ascension 18® 46'> 
nd^ {«te KT » little or no oondenaation towards tbe middle. 



In F%. ftd, aseeaiien 202* 13', north polar distance 107° 1', the condensation is 

fonj^derahly a w e nlaihed. In Fig. 86, right ascension 59° 43', north polar dis- 
tance 47® the cantral bright portion is of smaller extent than in the last instance, 



but better defined and much more lustrous. In FSg. 87, right ascension 69° 39', north 
polar distance 59° dff, the central portion becomes almost stellar, appearing like n 
WGfi*defiiiod star surrounded by a halo. The different degrees of condensation recofr- 
nizable in these objects, led Herschel to imagine that the nebulous matter, in the course 
of ages, underwent considerable changes, and thad, havings condensed gradually, tbe 
nebnise finally ended by beeoming stars. These dhanges were so slow thd thoy had 
not yet been perceived; but it was visible, by comparing them together, that sue) i 
probably was the case. In some cases the central star or stars was distinctly visible. 
Such an object is perceived at right ascension 295'* 6', north polar distance 89" 54' 
(Fig.iss), in which the nebula is evenly distributed round the star. At right 
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ascension 27 1** 45', norih polar distance lOO*" 56' (Fig. 89), an eUiptic nenula is 
vinble, witli a small star situated in each of the foci of the ellipse ; and at Fig^ 90, 



nc98, or from being surrounded by a dense nebulosity. Such a one is situated at right 
ascension 166’ 12', north polar distance 34='4'(Fig. 91). 

Among the most curious forms of the nebulco, those which are double take a promi- 
nent place. In these, both the components are sometimes of equal magnitude (Fig. 
02), right ascension 174® 20', north polar distance 55® 31'; and similar in every respect, 
AT like those at Fig. 93, right ascension 140® 38', north polar distance 67° 45'; and 
Fig. 94, right ascension,’ 183® 18', north polar distance 84® 35', where they are of 
irregulnr size and condensation. In all those examples, the components are joined 
together by the surrounding nebulosity, but in some cnscs tlie two nebulae are quite 
distinct, as in Fig. 95, right ascension 342° 48', north polar di&tanco 103® 43'. In 
these cases, Ilcrsehel imagined he pergcived symptoms of the gradual forml^ion of 
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a do%(^ star, the nebulous matter of 'vrhich they are formed condensing towards two 
centres of attraction. It will appear from this that the fiebulaj properly so called^ 
according to Herschel’s ideas, were far from being such important objects as the 
cluitera, the latter being great agglomerations of stars, the nebular only the mateiial of 




Fig. 92. Fig.OS. 

L single, or, at most, a double star. But it would be hazardous to say that any 
particular nebula was irresolvable. The gigantic telescope of Lord Rosse has shown 




that many such, hitherto deemed of this nature, consist of innumerable stars, very 
differ^t from the single individual star which Hersohel thought it was probable it 
wouldi flnall^ become. 

The suppositions relative to this nebulous substance, which Herschel thought to be 
so plentifully scattered through space, and the changes which he surmised that it 
underwent in the course of time, led the celebrated astronomer Laplace to form a similar 
hypothesis on the formation of the solar system, and the progressive development 
of the bodies of which it is composed, from one single and primitive mass of nebulous 
matter. He sutpoeed that the sun was originally included among the nebulm, which 
exten<^d as far as the most distant planet, and was endowed with a rotatory motion 
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roimdtite centre; and that in theoonrse of ages this gaseous substance became more con* 
•densed towards tbe centre, leaving the exterior portions in the form of immense rings, still 
preserving their revolving motion, precisely similar to the ring of Saturn as at present 
•existing. From many dif^rent causes it was impossible fur those rings to exist in that 
form, and they finally broke dp into globular masses forming the different planeta. By 
this means he explains the revolution and rotationof the planetary bodies in One 
•direction, as well as of their satellites, formation of ocanets, Ibc. Even ihe 
light was fuUf oiplained on this hypothesis. The nebulous matter, as he cokilectmted, 


was net quite condensed, bvt etUl surrounded the aun in a very di£^d state, and by 
the rotation of that body on its axis took a lenticular form, as wsas observed to be the 
case with many of the nebulas already discovc^recL Thus the great nebula of Audro> 
meda is of this elliptic form, and different degrees of ettipUcity wiH be seen from the 
accompanying figures (Figs. 95, 96, and 97), whi(h are some of those actually ohsen ed 
by Sir J. HerscheL 






ON THE CONffTJSLLATIONS AND HJOED STARS. 

OvvL present arrangement of .the eoneiellatione into gtoupa or clusters, representing 
figures of men and animals, dates from the most remote antiquity, Aratus, a Cilician 
, of Eudoxus, B.c. 370, a contempmarj of Plato, enumerates forty-five as being then in 
use, all of which still remain mi our ecdestial globes. In the majorit j of instances, how- 
ever, there is no similarity between these conAguratioos and the figures to which they 
are supposed to bear some zesemblanee. Of the fixed i^ara, in both hemispheres, nearly 
5,000 arc visible to the naked eye, the greater number of which have been catalogued 
by Argelander, in his standard work the " Manometria Nova*’* They arc divided into 
classes of magnitude, the oonsistmg of stars pre-eminently bright, and which 
amount in our latitude to about 14 ; the second magnitude consisting of about 50 ; the 
third of 140 *, the fourth of about 320 ; the fifth of 800 ; and the sixth of 2,000 (roughly 
speaking). Objects of a magnitude greater than the sixth are only seen by the help of 
telescope^ and are reckoned on to the thirteenth w fourteenth magnitude. 
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Bajer appears to have beea the first astronomer who eyttmxiatioaUy arransped the 
stars of each constellation in the order of magnitude. In hit catalogue) of which the 
e poch is 1003) he classed the brightest stars in each constellation according to the first 
letter of the Greek alphabet, the second by the second letter, and so on ; afterwards 
using for smaller objects the mman httm. Of the first magnitude in these latitudes 
we have xune north of the equator and five south, 

Korilu, 


Vega, or a I.yrao, 
Cai)eUa, or a Aurigm. 
ArcturuS) or a Bootes. 
Aldcbaran) or a Tauii. 
Bv-telgueib, or o Ori juis. 


t Begulos, or a Loonis. 

Altaic, or a Aquilm. 

Deneb, or « Oygni 
I'rocyon, or a Oasis Ifinoris.^ 
a • 

(South, ^ 


Sirius, or a Caiiis Majoris- Antares, or a Scorpio. 

Bigel, or ^ Ononis. Fomalhdut, or a Bisejie Australis* ^ 

Spictt, or a Virginis. 

Bayer’s arrangement has been since used by astronomers. 

The most ancient catalogues we possess of the fixed stars are those of Ttolemy, 
riugh Beigh, Tycho, and Hevelius, all «•£ which have been formed from observations 
by the nailed cyo. The catalogue o£ l^tolemy is based on the observations of Hip- 
parchus, and amounts to upwards of 1,000, which are arranged in the order of 
longitude and latitude. That of Ulugh Biigb contains 1,019 stars folr the epoch of 
1437, observed at Samarcand in Bcisia, north latitude 39^ 52'. The epoch, of Tycho's 
catalogue is for the end of the sixteenth century, and oontains 777 stars, reduced and 
edited by his pupil, Kepler. The catalogue of Hevelius contains positions of 

stars for the epoch 1060. All the preceding works have bocm ro-edited by Mr. Baily, 

I to whom this branch of astronomy is much indebted, and are given in the thirteenth 
volume of the Memoirs of the Koyol Astronomical Society-*’ 

Since the application of the telescope to astronomical obsCfrationa, we have the 
catalogues of Halley and La Caille, observed in the southern hemisphere; and those of 
Flamsteed, Bradley, and Mayer, observed in the European observatories. The work 
of Flamsteed is the basis of that of Bradley, and they both, in common, contain nearly 
the same stars, but in the latter case with more improved instruments. The numbers 
in the catalogues of Flamsteed, Bradley, and Mayer arc respectively 3,400, 3,222, and 
998 stars. 

At the commencement of the present century we possessed the catalogues of Groom- 
bridge, Piazsi, and Lalande, of which the first consists of ciia‘umpoIar stars numbering 
upwards of 4,000, the second of 7,646 stars, and the last of 50,000 stars. 

In modem times wo have the catalogues of Busham and Taylor, observed at Hew 
South Wales and Madras respectively ; the Grednvnoh catalogues of Pond and Airy ; 
and the continental catalogues of Eemiker, Bessel, and Aigelander. The British 
Association have also published a standaxfi catalogue of 8,377 stars. 

TBe ZoAiacal ConsteUatlosui aise twelve in number, all of which occur m 
the list prepared by Aratus. 

I. AiiM has two very conspicuous stars in the head of the Earn about 4° api ^ They 
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are the nautical atari a Arietua, called Hamal by the Arabs, of the second magnitude, 
and Sheratan of the third. 

n. TanttiSi one of the finest of aodiacal Asterisms, is just rising in the east when 
Aries is ZT'* abore the horiaon. It includes Aldebaran, a star of the first magnitude, 
forming with Hyadee the letter Y in the face of the BuilIjr*on the left shoulder is the 
well^knowa busier of the Pleaides. 

has two principal stars, Castor of the first and Pollux of the second 
magalh>t^e^ apart, in the neighbourhood of Propus, a small star of the fifth 

maig^^haide. ^ An thhi oonst^tion Sir John Herschel fouxid Uranus, and it serred for 
giride astronomers to that planet. 

no very conspicuous star. Two of the fourth magnitude, the 
AseiU I^^ 4^^ ^ Boiuans and Pr^cpe (the Manger). A nebulous cluster at the 

distance df 2*" distiiiguishes this constellation. 

Y* ICiaOf a brilliant constellation, has llegulus, of the firsf magnitude, in the breast 
of the Lion, and Uenbola, of the second magnitude, in the tail about 25^ apart. 

YI. VixgiO hac Spica Virglnis, a star of the first magnitude, in the Wheatear, 
remarkable for its solitary splendour, having only one other star, of the fourth magni- 
tude, near iV This star is called Al-simak^al~a^sal (the Defenceless) by the Arabs. 

Til. lilbMt has four subordinate but bright stars, which form aquadrilaterol figure. 
Two in the northern and two in the southern scale, 7^ and 6’ apart. 

Till. Scoxpio is a beautiful collection of stars, among which Antares (in the hcail), 
fa of the first magnitude, and is distinguished by a remarkably red appearance. 

IX. Saggltaaiiui has five stars of the tbii d and fourth magnitudes, which form a 
figure resembling a straight-handled dipper, familiarly called the milk-d^per, because 
situated in the Mfiky Way. 

X. Capziconiuu has only stars of the third and fourth magnitudes. The sun was 
fbrmcrly in this constellation, when at mid-winter he attained his greatest southern 
declination ; hence it was called the southern gate of the sun, as Cancer was the 
northern. Now, owing to the precession of the equinoxes, the sun does not reach the 
constellation till the middle of lanuar}'. 

XI. Aguaxiiu is recognizable by four stars of the fourth magnitude, so placed as 
distinctly to form the letter Y, which is visible about the urn of the Water-bearer. 

XII. Pisces is a loose assemblage of small stars, not readily traced, occupying a 
large triangular space on the heavens. This is the first constellation in the order of 
the zodiac, opening the astronomical year, and preceding our venial equinox. 

In naming and figuring these zodiacal groups, ilie ancients are supposed to have 
heeu guided by the rural occupations coincident with the sun^s appearance in particular 
parts of the heavens, or by other analogous phenomena presented to them. Thus, the 
Bam, the Bull, and the Twins (originally two goats), relates to animals most useful 
to them during the spring months. The Ciah, walking backwards, is typical of the 
retreat of the sun from the northern tropics. The fierce Lion represents the intensity 
of summer heat. The Virgin, bolding an ear of com, refers to a girl gleaning. The 
Balance indicates the equality of day aud night at the equinox, while the Scorpion indi- 
cates disease as the incident of the season. 

Noztheni C<mEtella|ioas. — The constellations of the northern hemisphere are 
thirty-five in number, of which twenty were enumerated by Aratus. Of these Ursa 
Major is the most conspicuous, consisting of three principal stars, forming a triangle in 
the tails and four forming a quadrangles on the body of the Bear. Commencing at the 
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tip of the tail we have Bcnetnaich, a star of the leoond magnitude ; MizaT) T distant 
west ; and Alioth, about 4 further off ; 5i“ from Alioth, at the root of the tail, i« Megrez ; 
south of it Phad, forming the shorter aide of a quadrangle. On the opposite side, 8® 
west of Phad is Merak ; and 8** north, towards the pole^ is Oubhe, the brightest star of 
tlie constellation. * 

Dubho and Merak are called the pointers, because a line drawn through them and 
carried about 29° in the same direction, passes almost orer Polaris (the pole star} which 
is close to the north polar point in the heavens. 

Ursa Minor, while it is inferior to the preceding in point of size, is more important 
from its position indicating the north polar point, and its utility as a guide in finding the 
latitude of places. Lvko Ursa Major, it consists of seven stars ; three of the third magnl* 
tude and four of the fourth. Polaris is tho important star of this group. Jt is between 
the second and thiru magnitudes. It is at the tip of the tail of Ursa Minor, and 
appears stationaiy, the rest of the constellations appearing to swing round it in the 
diurnal revolution of the sphere. All the stars appear to revolve round the pole of the 
<*cliptic, owing to the real revolution of tho pole of the earth round it ; a revolution, 

' )i(>wever, which requires the long cycle of 26,000 years, or thereabout, for its perfoim- 
anc‘0. 

j Bootes appears among the stellar groups to be driving on Ursa Majoi^ hence it has 
j sometimes been called the Bear Driver. Bootes has Arctunis, a star of the first magni- 
I tude, long supposed by the ancients to be the nearest star to the earth. 

Southeirn ConstoUations. — I'he constellations of the southern hemisphere afe 
forty -six in number. The most important being Orion, which constitutes the richest 
part of the visible heavens, and w*hcii on the meridian (w'hich occurs about 10 p.m., 
January 1), presents the most magnificent view the starry heavens offers. Orion is 
visible, in its turn, to all the habitable world, the equinoctial passing through the centre 
of it. Four principal stars, in the form of a long square or parallelogram, form its outline. 
Bctelgucux, of the first magnitude, is of Bellati-ix of tho second; Saiphof the 
third magnitude, and Kigel of the first, 8^^ westof Saiph and 15® of Bellatrix. Canis 
Major, on the south-east of Orion, contains one star of the first magnitude, four of the 
second, and two of the third. The former, Sirius, glowing in our winter hemisphere with 
n lustre unequalled by any other star in the firmament. Canis Minor, east of Orion 
and north of Canis Major, has two brilliant stars, Procyon, of the first magnitude, and 
Oomelza, of the second, about 4° to the south cast. A knowledge of these constella- 
tions will enable us to find our path in the heavens. 

When a few' particular stars have been recognized, they will serve as starling points, 
and by alignments, or imaginary lines, diawn from them, other stars and groups of 
stars will be fouud, and thus a general knowledge of celestial objects acquired. For this 
purpose one of the most conspicuous objects is the constellation of Ursa Major, which 
never sets in our latitudes. 

The seven stai-s (shown in Fig. 98) are nearly all of the same magnitude ; a line 
drawn through J3 and a, and produced to a distance equal to that from a to r?, will point 
out Polaris, an object of the 2'3 magnitude. This star will be easily distinguished, 
since it is not surrounded by any others of the same magnitude. The alignment to . 
find the Pole Star is as follows : — A line drawn from 8 yretc Majoris, or from e Ureas 
Majoria.through Polaris^ and produced tho same distance as that from 5 Ursee Majoris 
to Polaris, will roach the centre of Cas8iop€im. This remarkable gi'oup of stars, 
which, in these latitudes, is cireumpoly, is always on the opposite aide of ^laiis to 
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Ursa, Major. WhoB- Ursa Major is aear zenith, Cassiopeia} is near the horizon, and 
when Ursa Major is on the eastern ude, Cassiopeiee is on the western side of 
Polaris. 

The right lines, which direct a and Ursse Majoiis to Pularis, when produced in 
the same direction, will point out the square of Pegasus/i formed of four stars of the 

second magnitude, the two upper of this group 
being respectively a Kegasi and a Andro- 
medao. A line drawn from the two latter will 
])ass through fi and y Andromedoe, and finally 
to a Persei, a star of the second magnitude 
nearer the pole. It will be remarked that a 
IVraci may also be found by drawing a line 
from 5, a, Ursaj Majoris through Polaris. 

On the opposite sides of a Persei are 
situated y and 8 Persei, stars of the fourth and 
third magnitudes respectively; a line drawn 
from o, 5 Ursa; Majoris will meet (after pass- 
ing through a Persei) Algol, or Persei, a star 
remarkable for its variability. Producing the 
arcs y and 5 Persei, we find a Arietes. llclow 
tliese, the conspicuous cluster of stars, the 
Pleiades, are situated. If we join Polaris and 
a Ai’ietes, and produce it beyond the latter, we 
shall meet with the constellation Orion, which 
is Mell known by its rcmaikable brilliancy 
and form. Of this group of stars, 5, c, and C are 
called the belt; the remaining four stars of 
this group form an irregular quadrilateral, a 
and y being the upper, and iS and $ being the 
lower sides, a and 6 Orionis are of the first 
magnitude, and all the others are of the second 
magnitude. 

The most remarkable object in the heavens, 
Sirius, or a Canis Majoris, is pointed out by producing the belt of Orion on the eastern 
side. By producing it ou the western side, 
meet with Aldebaran, or a Tauri, a 
of the first But star 

also be found by producing the 
connects a Ursac Majoris and a 

The 7 , 

Ursse Majoris], or produced sulli- 

will pass through tlie bright stars 
of the constellation a or 

Castor and Pollux. A short distance the 

same line, between Castor and Sirius, wo ■HHIHHHHHHHHHI 
find Procyon, or a Canis liEinoris. This Fig. 100. 

may also be found by prolonging the line passing through Polaris and Pollux. The 
diagonal, a and y of the same square, produced on the side of y above the pole, will 


Fig. 99, 
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I>oint out a, or Spica Virginis, vliich forms an equilateral triangle with Arcturus and 
Leonis. 

The line connecting a and $ Ursa Majoiia, which points so accurately to the Pole 
Star, when produced, will pass through the constellation Leo. This constellation con* 
sists of four principal stars, in\he form of a trapezian. The most brilliant is of the 
first magnitude ; all the others are of the second magnitude, f and ITrsro Majoris, 
being connected in a line, will meet with a 
remarkable star of the first magnitude^ Arc- 
a Bootes. 

At the of Arcturus, and the direction 
of the stars c, ( of Ursae Majoris, find 
the of Cerara Borealis, composeeb 

many .jtars, of 

the 

Yega, or a a 

passing ihc meridian of* Greenwich IS"* south 
the forms a 

Arcturus aud Polaris, which 

the At the 

Lyras arc two stars the magnitude, jS 

three of the fourth magnitude, * 

e, The four stars, 7, $, C form parallelo- 

Between Lyra) constella- 

lion Cygnus 

cipal stars in the form of a cross. The line 
Avhich joins Cygnus to Gemini is cut in two 

equal parts by Polaris. The same line, produced beyond Cygnus, passes thfough Altair 
or a Aqiiila', a star of the first magnitude, a Aquilse is situated between 7 and j8 
Aquilce, of about the third and foiu’th magnitudes respectively. 





ox COMETS. I 

Thtsse bodies, which from the earliest ages have been the subjects of attentive obser- 
vation, and which, even within the last few centuries, have excited the fears and 
apprehensions of the multitude, will next claim our attention. They differ from tlie 
other planetary bodies, both in their physical appearances and in the irregularities of 
their motions. From the investigations of Sir Isaac Newton, to whom this branch of 
astronomy is much indebted, and which have been confirmed by the labours of his 
successors, it has been made evident that comets describe very eccentric ellipses around 
the sun, so much so that, the majority of cases, a parabola will perfectly reconcile 
their observed path in the heavens. The inclinations of their orbits to the ecliptic arc 
also froi^uently very great, and the directions of their orbital motions ore sometimes 
direct, in other instances retrograde. In consequence of the groat eccentricities of 
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their orbits, they are eeldom yieible 'at the utmost more than a few months about the 
time of the perihelion passage. The annexed diagram (Fig. 101) will show, in a clear 
manner, a parabolic orbit. If with the two foci, F F', an ellipse be described in the 
usual manner, we shall find that the major axis of thi<« ellipse will be A A', and that 
we shall obtain a curve difTergig little from an arch, and presented in a sense perpen- 
dicular to the axis A A', or with a very slight degree of ellipticity. A second ellipse, 
with the foci F F"', will exhibit a greater degree of ellipticity, and will enclose the pre- 
ceding one. A third ellipse, with the foci F F^", will (still leaving A for the susamit 



of the ellipse) show a still greater degi-ec of ellipticity, and so on, by describing ellipses 
successively. We shall thus find the circumference of the curve more and more removed 
from the direction of the major axis A A", till finally we shall arrive at a point beyond 
which there is no variation. The curve BAG, thus described, is called a parabola. 
The point A is called the summit of this parabola, and the point F its focus, A 
parabola is then formed of two parts, A B and A C, exactly alike to one another, and 
extending infinitely on each side of the major axis, A F F' F". We can easily per- 
ceive that, as the comet recedes from the sun into space,* it will be necessarily lost to 
our vieim For the determination of the elements of the orbit of a comet, three com- 
plete observations are necessary as a first approximation, which can be afterwards 
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brought to greater accuracy by macaa of the other additional obsarvatioDf dmiog the 
time of its visibility. In a parabola the following elements are required the 

ongitude of the perihelion ; 2nd, the longitude of the node ; 3rd, the inclination of the 
orbit to tho plane of the ecliptic ; 4th, the time of perihelion passage ; and 6th, the 
perihelion distance. The observations wUl also give^ the direction of motion- Dr. i 
Halley alone, acting according to the method of Sir Isaac Howton, calculated til^enty- j 
four orbits, by a comparison of which he was led to infer the periodic nature of the body 
which bears bis name, and the certainty of which has been confirmed by the well- 
' observed and authentic observations of successive returns. 

Modem astronomers have, with great zeal, applied tho methods of Olbers and Gaus 
for thia purpose, not only to those comets which have appeared in their own times, 
but also to others, whose paths in the heavens have been recorded by tho ancient Chinese 
and European annalists. M. Langier tas thus calculated, with a strong degree of 
' probability, that the comets of 451 and 760, mentioned by the Chinese annalists, w cre 
' returns of Halley’s comet. Mr. Hind has also been led, by calculation, to consider 
; the comets of 218 and 295 as appearances of the same body. But no certainty can be 
I attached to any elements of this comet till the year 1378, tho observations of whieli 
* have been discussed by M. Langier, and of which the resulting elements are given with 
the ottiera in the following table : — 




Long, of Perih. 

Long, of Node, 

IncHnstion. 

Long. Perih. Dist- 

, 1378, Nov. 

8704 

299’ 31' 

47’ 17' 

17’ 56' 

9-7560 R. 

1456, June, 

8-917 

301’ 0' 

48" 30' 

17’ 56' 

9-7675 R. 

1531, Aug. 

24-888 

30 r 39' 

49 25' 

17’ 56' 

9-7638 R. 

1607, Oct 

26-710 

30r 38' 

43’ 40' 

17’ 12' 

9-7694 R. 

1682, Sept. 

14-795 

30 r 56* 

51 ir 

17’ 44' 

9-7656 R. 

1750, March, 

12-552 

303’ 10' 

r>r 50' 

17’ 37' 

9-766S R. 

1835, Nov. 

15-039 

304’ s-r 

6.V 10' 

, 17“ 45' 

9-7683 R. 


j The striking similaiity of the elements of the comets of 1531, 1607, and 1082 
: immediately presented itself to the mind of Dr. Ilallcy, who was also led to infer 

I that, by tho influence of the planet Jupiter, the period of its next return would be . 

! considerably retarded. This pTcdietion was found to bo accurate by the laborious ! 

i calculations of Clairaiit, who, after minutely '•■omputing the disturbing effect of Jupiter 
' and Saturn, found that its next return would be delayed by G18 days, as he concluded 
I that the comet would arrive at its perihelion on April 13th, 1759. , 

The actfial return, from the best elements, took place on March 12, 1759, and the 
comet was seen for the first time at Dresden, by Pazlitch, on Christmas Day, 1758. 
This body being thus ranked in the planetary system, the investigation of tho period of > 
its next arrival at the perihelion was made the subject of a prize in several European j 
academics. The investigations of Damoiscau and Pentecoulant, on this question, gave i 
only the difference of one week in the predicted time of the arrival at the perihelion ; 

I an agreement very accordant, when the great intricacy of the problem is considered. { 

' The predicted return was stated to be on November 13, 1835 ; and although tho oomet 
was attentively looked for during several months previously, it was not seen till August, ; 
when it was discovered at the Oollcgio Bomano, of Borne. From the best elements, the j 
return to perihelion took place on November 16, the predicted time beih^ only three j 
days in error, j 
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ballet’s ibe cate of oood bofe. 

■ - f ...... . 

With regard to the pbysicnl al^tirioioee of theoe hod|e8) it is gesendly admitted^ at 
present, that comets possess a Tory soudi d^ee of density. 

The annexed diagram (Fig. 103) will show t)ie appearance of Halley's comet, as 

observed by Sir J. Hcrsohel, at the tkupe of 
Good Hope, on October 2ft, Iftftd. The bright 
spot situated in the bead of the comet, is called 
the nudeusy and the luminous appendage which 
accompanies and surrounds this nucleus, is 
called the tei7. On October 29, Sir J. Her* 
schel observed the comet yith a twenty-fbot 
tclcsccpe, and noted its appearance, as in Fig« ! 
104. little later on the same evening, the | 
appearance wius as in Fig. ^105. *On January j 
25, 1S36, it had an appearance as in Fig. 106 ; : 
in the intermediate tune the emnet was not | 
visible, m conseqwncc of its proximity lo the ; 
solar rays. On January 26, 27* and 28, 1336, ! 
jqy. 103. it presented the appearances indicated in the } 

Figures 107, ami m. * { 

As to the light which these bodies possess, the late If, Amgo WNaped, | 

Jiis experiments, that they shine by reflected Ugltt. But althou^ hi» eatyietiments ^ 
on thecomet of 1819, and that of Halley in l8Sd, diowed that dbome by . 
reflected light, which he satisfaetbrily conlkmed by experiments with a polari- 
scopo on the light of stars of the same magnitude in their neighbourhood, be was , 
rather doubtful whether they had not a proper light of their own, since, without 
losing their property of reflection, some independent light might at the same time reach j 

the earth. . 

So long ago as the year 837 ol our ora the circumstance was remarked by the 
Chinese annalists, and again noticed by Appian in the 16th century, that the tails of 
] comets were generally directed from the sun. The appearance of these accompani- 
I ments arc variable, both in reg?trd to magnitude and brilliancy. Of the comet of 1689, 

' the contemporary liistoriatis state that its tail occupied an e.xtent of 99’, and presented 
! an appearance similar to a Turkish sabre. The tail of the eomet of 1700, was observed 
; to be 07* in length. The comet of 1744 had as many os six tails, each 4^ in breadth, 

I and 30^ to 44^ m length. In our own days, the appearance of the comet of 1843 can- 
I not be forgotten. At Paris in March, its length, by obaerration, was found to be from 
I 39’ to 43’. The comet of 1618 had also a tail 104’ in length. 

j In addition to Halley’s comet, others of nearly similar period present themselves to 
I our notice, and this remarkable group consists of the following : — • 

I Ist. The comet of 1812, which was discovered by Pons in that year, and only visible 
! A\'ith the aid of a telescope. Encke, from all the observations, calculated its period to 
I bo 70*7 years. 

2ud. The comet of 1815, discorered by Gibers, the period of which has been cfdcu- 
! latod by Bessel to bo 74*0r5 years. According to the investigations of Bessel, the, period 
I of the next return will bo retarded by two years, in consequence of planetary perturba* ; 
j tions, or it would appear in 18^1 • 

I 3rd. "The comet discovered by Pe Vico in Borne, in 1846, Feb. 20, and observed till 

April. The calculations of Do A'ieo and Peira, show that its orbit is decidedly 








encke’s comet. 

July 20, in triangularus, and observed at several places for the space of one Jnonth, 
Elliptic elements, compiled by D’ Arrest, give its period as 76 years. 

Another comet of long period, but the elements of which are not so well worthy of 
confidence, is that discovered by Flamsteed in 1663. Elliptical elements of this body, 
which are, however, too imcestain to be much relied on, assign to it a period of 187*5 
years. 

Several other elliptical orbits have been calculated, which will appear in a table at 
page 309.. 

Tho most remarkable periodical comet (which there is great reason to believe to be 
such, from the strong identity of the elements) is that discovered by Fabriciusin 1656, 
and which is considered to be a second appearance of the fi.DG comet of 1264. Neces- 
sarily rude as the observations of this period w^re, Pingre and Dunthome^ have calcu- 
lated its elements fvom its recorded path, which agree in every particular with the 
comet of 1556. This subject has recently occupied the attention of M. Baume, who 
infers from bis investigations that the comet will be retarded in its return to the peri- 
helion by a period of some years. The last appearance in 1556 was magnifiicent in 
tlio extreme. The tail was more than 100'’ in length; and, according to the Chinese 
accounts, it presented a curvature similar to a sabre. It remained visible till the 
2 lid of October of this year, and disappeared the same night as that on* which Pope 
Urban IV. died. There is strong probability in the inference that this body will again 
return to its perihelion in the period from 1858 to 1860 ; and, as the elements are based 
on such uncertain data, wa must not be astonished at the circumstance of the range 
of the intervaL 

After thus mentioning two comets, whoso periods arc the longest on record, and the 
first of which has been made evident by many successive returns, wo shall now proceed 
to others, whose revolutions around the sun are of shorter duration. Tho first and 
most celebrated is that of Encke. This body was discovered by Pons at Marseilles, on 
November 20, 1818 ; but the credit of being the first calculator of its elliptic elements 
is due to Encke, from which circumstance it bears his name. The similarity of tho 
approximate parabolic elements to those of comets observed in 1786, 1796, and 1805, 
immediately presented itself to the mind of Encke, who likewise found that a parabolic 
orbit would not satisfy the observations of 1818, 1819. Its period is approximately 
tliree years and a quarter. Since 1819, no leturn to the perihelion has passed without 
observation ; and for this, in a great measure, astronomy is indebted to the laborious 
calculations of Professor Encke, m'Iio furnished the ephemerides of its predicted places. 
On June 2, 1822, the comet w'as seen by Rumker, for the first time, at the Observatory 
of Paramatta, in New South AVales, which had then been recently founded by General 
Biisham. Although it was only observed there for a short space of time, the observa- 
tions were found of considerable value in determining its next return in 2825. True 
to prediction, the comet was discovered by Valz on July 13, within a short range of 
the calculated place. At this period tho comet was well observed at Naples and 
othci European observatories. On its next arrival at its perihelion, 1828, it was 
first seen at Dorpat by Struve, on October 13, and was observed in European observa- 
tories till December 25. 

Although very unfavourably situated for observation the northern hemisphere in 
1832, the comet was observed by Ilarding at Gottingen on August 21. Professor 
^^eudersou also observed it at the Cape of Good Hope, but the observations of tins 
return were so few and scattered that Professor Encke, in his investigations^ for its 


ASTRONOMY.— Mq. IV. 





306 


gambart's comet. 


return in 1835, made no use of any of them. In 1835, the comet was observed on 
July 26 by Boguslanzfci, and previously by Kiel at Milan on July 22. 

In 1838 it was again seen by Boguslanzki, on August 14, as a very faint, shape- 
less object, which afterwards increased in brightness till November. I^fessor Encke, 
in combining aU the preceding returns at this period, ft)und it necessary to alter the 
received mass of the planet Mercury, and also to allow for the effect of a resisting 
ethereal medium, pervading all space, and which had an appreciable resistance to the 
comctary motions. With these two important discoveries. Professor Encke published 
an cphcmoris for its reappearance in 1842, on the 8th of February of which year it was 
observed by Dr. Galle. 

Although the return of 1845 was very unfavourable, the comet was seen at Romo 
and in America ; hut the observations ware so few that no use has been made of them 
in any investigation. • ^ 

In 1848 it was observed for a period of three months, extending from August to 
November. The comet was vciy faint at first, but towards November its brightness 
increased considerably. The observations of this year have been valuable in several 
important particulars. 

In 1852 the perihelion passage took place on March 14, and tho comet was visiblo 
on the 2nd of January. 

In 1865 the return of the comet was not favourable for observation in the northern 
«. hemisphere, but it was seen at tho Cape of Good Hope by Maclcar. 

Gambairt^B Comet. — This body was discovered by Beila on the 27th of February, 
1826 ; but, as in the preceding case, it bears the name of Garabart, who first computed 
its orbit, and noticed its similarity with tho comets of 1772 and 1805. Elliptical ele- 
ments, calculated by him and other astronomers, assigned to it a period of 2,460 days. 
In the interval of time from 1772 to 1820, it had performed six revolutions. The return 
to the perihelion, in 1832, was observed generally at all the European observatories. 
It was first seen at Rome, on August 25, as a faint object, the light of which, however, 
increased afterwrads. Professor Henderson likewise observed it at the Cape of Good 
Hope. On a calculation of the elements of its orbit — which are represented, with the 
relative position of the eartli, in the engraving at the head of this section — in order to 
ascertain thC precise period of its return, it was, of cour«!\j, nocessary to study tho 
perturbing influence of the planets ; and when their places were ascertained and com- 
pared with its course, it was supposed that it would cross the earth’s orbit about a 
month before our planet was at the point of intcrsoclion. This announcement oxcitt-d 
much curiosity and some alarm. It will be evident, however, from a conaideratiou of 
its orbit, that it never came within sixty niiiliona of miles. It was a small, insignifi- 
^ cant comet, looking like a collection of nebulous matter, and having neither tail nor any 
appearance of a solid nucleus. In the engraving, A is its perihelion and H its aphelion, 
B its position, January 1, 1840 ; C, on January 1, 1833 ; I), its December node ; E, its 
position January 1, 1839; F, January 1, 1838; G, January 1, 1837; I, January 
1, 1836 ; K, Januaiy 1, 1835 ; L, January 1, 1834. It will be seen from this diagram 
the point where the earth’s orbit and that of tho comet intersect is very near tho 
descending node. The time at which the comet reached its perihelion in 1832 was 
the middle of November ; crossed the earth’s orbit on the 29th of October, but the 
earth did not reach the same point until the 30th of November. At its return, in 
1839, the comet was not seen from any part of the globe. In 1846, however, 
j means pf an ephemeris calculated by Profeagor Santini, the comet was discovered by 
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De Yioo, at Borne, on November 26th. In a very abort time afterwards a moat singuliicr 
circumstance took place ; the comet appeared to have been divided into two portions. 
This appearance was first seen by Professor Wichmann, about the middle of 
December, and generally confirmed by other pbservers. The two nuclei were also 
observed till the 22nd of Marsh, 1846. 

On its return to the perihelion, in 1852, the comet was again seen by Professor Secchi 
at Borne, and at the Cambridge Observatory in England. At this time, although the 
predicted ephemcris was in error, both nuclei were again observed, but they had sepa- 
rated considerably. The comet at this return was exceedingly faint, and was only 
visible on nine different occasions. This and the comet of Encke are comprised within 
the limits of the solar system, and do not extend beyond the orbit of Saturn. 

Faye’s Comet. — The next known pew-odical comet, whose orbit ^is comprised 
within that of the plam^ Neptune, is that discovcredjjy M. Fayf‘, a^the Paris Observa- 
; tory, on the 22nd of November, 1843. At its first appearance it had a brilliant nucleus 
j and tail. Faye and others (Gauss included) discovered that Jts orbit was elliptical, and 
that its period was 7 2 years. At first it was imagined by Argclander and I’rofessor 
i Henderson to be the lost comet of 1770, or that of licvell ; but Leverrier has since proved 
that this could not be the case. Its orbit at aphelion and perihelion approaches near 
' to Mars and Jupiter, and must have experienced considerable porturbationi from the 
latter. 

M. Leverrier calculated an ephemeris for its return in 1850, and, by means of this, , 
the comet wua observed on November '..i-ith, of extreme faintness, at the Cambric! 
Observatory in England. With the cxccxition of two other observations obtained in the 
' Cambridge Oliservatory (IT. S.), by Mi. Bond, it was not seen at any other observatory. 
Mr. Bond described it as a very faint object in the twenty-three feet refractor. 

The last four periodic comets arc known as such by the frequent observations of 
their returns to the perihelion. But others exist whose elliplieity is equally decided, 
although their rotunis have not been observed. Of these the first is the comet of 
; Dc Vico, comprised, as in the other ease, within the planetary system, and discovered by 
him at Eonic in 1841. Its period was found to be 1980 days, but although its orbit 
has been ably investigated by Dr. Erunuow, it has not bceu seen cither in 1850 or 
in 1855. 

Bxoxsen’s Comet. — This comet was discovered at Biel, in Denmark, by 
Brorsen, mi tl e 26th of February, 1846, and found to be elliptic, its period being 
upwards of fivo years and six months ; Drs. Brunnow and Petersen consider that it J 
was identical with the comets of 1532 and 1661. Dr. Halley likewise inferred the 
similarity of the.se comets;, but, although expected, it was not visible in 1790. It 
appears probable that the influence of the planet Jupiter has a great efiect on the 
elements of this btidy. Mr. Hind is of opinion that it experienced considerable 
perturbations from this planet in 1842. 

X>’ Arrest’s Comet. — This comet, whose period is six years and five months, 
was disoverod by D’ Arrest in 1851, June 27. It suffers great perturbation from the 
planet J upiter in its path, and the time of its next return is not yet fixed. 

Another remarkable comet of this class is that discovered by Messier in 1770, the 
orbit of which had been calculated by Levcll, indicating ^ period. of about five or six 
years, planetaiy perturbations have, however, altered the path of this comet so 
ibonsiderably, that it has never been since observed. 

Fig. ] 10 shews the relative orbits of Jour periodic comets, andtho comet of Hallay. 
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EFFECTS OF PLANETARY PERTURBATIONS. 


It must be remarked, however, that the orbits arc not in the same plane, and that 
the cometary inclinations are sometimes very considerable. In Fig. 110, A is an orbit 

of comets of short pe- 
riod ; B B, the comet of 
seven and a half years ; 
C C, Gambart’s comet ; 
II II, Halley’s comet ; 
J J, orbit of Jupiter ; 
M, the orbit of Mars. 

Nature of Co- 
mets. — Some at- 
tempts have been 
made to define with 
precision the differ- 
ence between a star 
and a comet, and de- 
termine by what cha- 
racteristics a newly 
discovered star is to 
be distinguished from 
one of these wan- 
derers of the firma- 
ment. The planets 
always move in the 
same direction ; the 
plane of their oTbits 
being slightly inclined one to the other, and the eccentricity of these orbits are trifling. 
Comets, on the contrary, for the most part, describe oibits so much elongated that they 
seem to move in a sort of parabola ; and, in tlie case of the few with whose movements wo 
are best acquainted, the ect cntricity of their orbits distinguishes them in a remarkable 
degree from the jdancts. Kach newly discovered object that is observed in an ellipse, 
only slightly eccentric, has been classed among the stars, while those which do not 
satisfy these conditions are regarded as comets. The comets we have described, while 
differing" in many respects, seem to agree in the great degree of eccentricity of tlieir 
orbits, and would seem to satisfy the inquirer that they cannot have the same origin. 

Comets generally present the appearance of a brilliant nucleus surrounded with a 
nebulosity which extends on one side more or less distant from the centre. This 
nebulous matter is so transparent, that stars, even of small magnitude, can be observed 
through the tail, and even through its thicker parts. The nebulosity of a comet, there- 
fore, may he regarded simply as a vapour, extremely light, which accompanies the 
central nucleus. The rapid changes which have been occasionally observed in the form 
of comets would seem to confirm this impression. For example, Halley’s comet 
was observed with much care by Herschel at the Cape of Good Hope at the end of 
1835, and we have already noted the changes he observed; but the most striking 
instance of change on recqrd occurred in January, 1846, when Gambart’s comet was 
observed to be separated into two parts, each having formed an independent nucleus, 
with the usual nebulous accompaniment. When the comet again appeared in 18520 
the twQ objects also appeared, but at an increased distance. 



Fig no. 
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We hero subjoin a table of calculated orbits of comets from the best authorities : — 


No. 

fJrconwich Mean Time 
of Perihelion Passage. 

Longitude 

of 

Perihelion 

Longitud< 

of 

Node. 

Inclina- 

tion. 

Logarithm 
of per Dist. 

Eccen- 

tricity. 

Direc- 
tion of 
Motion 

Calculator. 


OLD 8TYLK. 

a 9 n 

o » rf 

0 f 





] 

371 Winter 

I.50to210,270to33(t 

Ab. 30'^ 

very smol] 

1 

K 

Pingre 

2 

137 Apr. 29 

■230 0 0|22() 0 0 

•40 0 0 

0-0()43 

1 

R 

Peirce 

3 

09 July 

315 0 0 165 0 0 

70 0 0 

9-90 

1 

D 

Peirce 

4 

12 Sep. 15 

0 0 0 

.35 0 0 

07 0 0 

9-949 

|1 

K 

I'ejrce 

5 

00 Jan. 11-2 

325 0 0 

32 42 0 

40 30 0 

9-6480 

jl 

R 

Hind 

6 

240 Nov. 10 

■271 0 OjlHO 0 0 

44 0 0 

9-570 

jl 

1) 

Bui-ckhardt 

7 

451 July 3 5 

Halley’s C'omet. 





Langier 

8 

539 Oct. 20 02 

313 30 01.58''or238'’|10 0 0 9 53307 

1 

1) 

Burckhardt 

9 

505 July 14’5 

0 0 159 30 0 

59 0 0 9-92000 

4 8 0l)%:»77l 

1 

R 

Burckbardt 

10 

508 Ang 29 32 

318 35 0 

294 15 0 

1 • 

I) 

Langier 

11 

574 Apr. 7-28 

143 39 0 128 17 0 40 31 0j9-9830 

1 

V 

Hind 

(71 

700 June J 1 

Halley’s Cornet. 






12 

770 June 0 588 

•.i57 7 (t 

00 59 0,01 49 0 

9-80700 

1 

R 

Langiec 

13 

837 March 1 

•.iS9 3 0 

400 33 0 

mo 12" 

9-763428 

1 

R 

Pingre 

li 

901 Dec. 30-1 6 

•408 3 0 

350 35 0 

79 33 0 

9-7118 

1 

R 

Hind 

15 

989 Sep. 12 

-404 0 0 

84 0 0 

17 0 0 

9-7546 

1 

R 

Burckbardt 

10 

1000 May 30 or 31 

120 0 0 

•430 0 0 

7(rto80° 

9-53 

1 

R 

Pingr6 

17 

1092 Feb. 15 

150 20 (' 

125 40 0 

28 55 0)9-9670 

i 

D 

Hind 

18 

1097 Sep. 21-9 

3.32 30 0 

•407 30 0 

73 30 0,0-80832 

1 

D 

Burckhoi’dl 

19 

1231 Jan. 30-3 

134 48 0 

13 30 ) 

0 5 019 970098 

1 

1 

1) 

Pingr^ • 

20 

1204 July 17-25 

•475 45 (I 

178 45' 0j30 26 0 

9 61304 

D 

Pingre 

21 

1299 March 31 312 

3 20 (1 

107 8 0 08 57 0 

9-50233 

1 

R 

Pingi-e 

22 

1301 Oct 21 

312 0 0 

138 0 ojlO 0 0 

9-800 

1 

R 

Langier 

23 

1337 Jun( 15-074 

2 20 0 

93 1 0|10 28 0 

9-91815 

1 

R 

Langier 

24 

1351 Nov. 20 5 

09 0 0 

Indeterinmate. 

0- 

J 

1> 

Burckhardt 

25 

11302 Mur. 2 33 

227 0 0 

•437 0 0|32 0 0 

9 67214 

1 

1 ; 

Burckhardt 

20 

1300 Oct. 13 

00 0 0 

-412 0 0 

C 0 0 

9 9814 

1 


Peirce 

(7) 

1378 Nov 8 704 

299 31 0 

47 17 (»|17 56 0:970004 

!i 

R 

Langier 

27 

1385 Oct. 10 20 

101 47 0 

•468 31 0 52 15 0 9 8880 

ii 

R 

Hind 

28 

1433 Nov. 4 12 

281 2k0 

133 49 0:79 1 0 9-53079 

Ii 

R 

Langier 

(7) 

1450 June 8 !il7 

301 0 0 

48 30 0 

17 56 0)9 76754 

11 

R 

Pingre 

29 

1457 Sep. 3 7 

92 50 0 

■456 5 0 

20 20 010 3229 

38 1 0 9-91893 

ii 

D 

Hind 

30 

1408 Oct. 7-1-205 

1 22 (» 

71 5 (J 

1 

R 

Valz 

31 

1472 F(;b. 28 218 

48 3 0 

■407 32 0 

1 55 0;9-75]718 

1 

R 

Langier 

32 

1490 Dec. 35 !' 

113 0 0 

408 0 0 

75 0 0j9 878 

1 

E 

Peirce 

33 

1500 Sep. 3 00-2 

■450 37 0 

132 50 0 

15 1 0 9 58656 

1 

R 

Langier 

(7) 

1531 Aug. 25-792 

301 12 0 

45 30 0 

17 0 0|9-70338 

32 36 0 9-715351 

0-967391 

R 

Halley 

34 

1532 Oct. 18-3321 

11148 0 

87 23 0 

1 

D 

Gibers 

35 

1533 Jiuie 14-883 

217 40 0 

499 19 0 

28 14 0,0-514302 

1 

I) 

Gibers 

(20) 

1550 Apr. 22-<I233 

•474 14 51 

175 25 48 

30 12 42 

9-70323 

1 

D 

Hmd 

36 

!1558 Aur'. 10-52 

329 49 0 

332 36 0 

73 29 0 

9-76140 

1 

R 

Gibers 

37 

1577 Oct. 20 9470 

129 42 0 

25 20 24 

75 9 42 

9-24920 

1 

R 

Wolstedt 

38 

1580 Nov. 28-5727 

109 11 55 

19 7 37 

04 51 50 

9-774903 

1 

J) 

Pingre 

39 

1582 May 7-348 

281 26 45 

414 42 35 

59 29 5 

8-GU2754 

1 

. R : 

Pingre 

40 

NF.W STYLE. 

1585 Oct. 8 0262 

9 8 21 

37 44 10 

6 5 52 

00393530j 

1 

D 

f Peters 

1 Sawitsch 

41 

1590 Feb. 8-0271 

1217 57 21 

105 37 5 

29 29 44 

9-754 >380 

1 

R ; 

Hmd 

42 

159JUuly 18-6085 

176 19 0 

164 15 0 

87 58 0 

8-94940 

1 

D : 

Lacaille 

43 

1596 July 23-612 

274 24 0 

335 39 0 

52 48 0 

9 75258 

1 

R ' 

Valz 

(7) 

1607 Oct. 20 71594 

301 3S 10 

43 40 28 

i 

17 12 17 

9-709358 

0-9670887 

R 

Bessel 
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^ Greeniricb Mean Time Longitode Logarithm Ecccn- 

of Perihelion Passage. pgriJelion Node. ofpcrDist. tncity. 


44 IfilB (1) Aug. 17-1268 318 20 0 293 25 (»2I28 0 9-71010- 1 

45 1618 (2) Nov. 83-507 3 6 21 76 44 10 87 11 31 9-f)9(fo56 1 

40 1062 Nov. 12-663 28 18 40 88 10 0 79 28 0 94)28140 1 

47 leOlJan. 26-881 116 10 8 81 64 0 33 0 56 9-016131 1 


44 1618 (1) Aug. 17-1261 

45 1618 (2) Nov. 83-507 
40 1662 Nov. 12-663 

47 1601 Jan. 26-881 

48 1664 Dec. 4-494 
.19 1665 Apr. 24-219 
5U 1668 Feb. 28-8 

51 1672 Mar. 1 369 

52 1677 May 6-026 

53 1678 Aug. 26 686 
64 1680 Dec. 17 -993:i8 
(7) 1082 Sep. 14-79506 
55 1683 July 12 72586 
50 1684 June 8-428 
57 1686 Sep. 16-606 
68 1089 Dec. 2- 1403 

59 1695 Nov. 0 7018 

60 1 1698 Oct 18-706 
01 '1099 Jan. 13-349 
62 11701 Oct 17 410 
CJ? '1702 Mar. 13-6065 
64 11706 Jon. ;30 2060 
66 11707 Dec. 11-9885 

66 1 1718 Jan. 1 1-00673 

67 '1723 Sep. 27*6-47S8 

68 11729 June 13-20350 


130 41 26 81 14 ( \ll 18 30 0-011044 I 


71 54 30 228 


0 76 5 019-027309 


277 2 0 367 17 0 35 58 0 7 680000 1 
46 59 30 297 SO 80 83 22 10 9*813476 1 
137 37 5 236 49 U) 78 3 15 9-448072 1 
327 40 (‘16140-0 0 4 20 0-092727 1 
262 49 5 272 9 29 60 40 16 7-793561 0-999985117 
301 55 37 51 11 18 17 41 46 9 7065898^-90792019 
86 31 42 173 18 16 83 47 46 9-7430148 0-9832470 

238 62 0-268 3 6 0 05 48 40 9-982339 I 

77 0 30 150 34 40 31 21 40 9 511883 1 
270 16 0 344 18 0 30 26 0 8-01284 1 

60 0 0 -216 0 0-22 0 0 9-9261 J 
270 61 16 207 44 15 11 40 0 9 839060 J 
212 31 6 321 45 86 69 2(') ();9-871670 1 

133 41 0-298 41 0 11 39 019-772784 1 


CJ? '1702 Mar. 13-6065 138 46 34 188 59 10 4 24 44 9-.^ 10790 1 

64 11706 Jon.^SO 2060 72 30 26 13 11 23 65 14 6|9-63l)290 1 

65 |l707 Dec. 11-9885 79 59 8 52 50 29 Sh 37 40 9 934013 1 

66 il718 Jan. ]l-0(‘673 121 89 57 127 55 31 31 8 (ijo-OlOOOH 1 

67 '1723 Sep. 27*6-2788 42 52 36 14 14 17 60 0 1810 9994743 1 

68 1729 June 18-20360 320 31 2*2 310 38 (> 77 5 l8lo-60G7670 I 0050331 

69 1737 (1) Jan. 30 34767 325 56 0 ‘226 22 0 18 20 46;9 347960 J 

70 1737 (-2) Jime 8 8186 262 30 39 123 53 43 39 14 5 9 93802 1 

71 1739 June 1 7- 11(54 102 38 40 *207 25 14 66 42 44'9-828389 1 

72 1742 Feb. 8*639‘2 -216 39 20 185 9 .30 67 31 40 9 8865*23 1 

73 1743 (1) Jan. 8 15)403 I 93 19 37 86 64 30 1 63 4319 9362868 0 7213086 


74 1743 (2) Sep. 20-8866 ‘216 33 62 5 16 26 46 4S 21J0-71731O jl 


75 1744 Miu-cb 1-3282 
70 1747 March 3-2991 


197 11 68 46 46 6 17 10 63|9-3467s3 i0-99910i> 
•277 2 0147 18 50 79 6 20:0 34'2i 16 1 


77 1748 (1) Apr. 28 78066 215 23 29 -23-2 5l 50 85 28 23 9M ‘4 486 jl 

78 1748 (2) June 18-88761-278 47 10 33 8 29 67 3 2Ky79612K ;! 

79 1757 Oct 21-38460 122 36 29 *^14 7 11 12 41 17!o 530610 jj 

80 1758 June 11-1373 ‘267 38 0 -230 60 0 68 19 0,9-333148 I 

(7) 1759 (1) Mar. i'2-5617 303 K) 28 63 50 27*17 36 52|9-7r)6799olo 9676844 

81 1759 (2) Nov. 27 02368 53 38 4 139 40 16 79 3 ]9i9-904-218 jl 

, 82 1760 (3) Dec. 16 53392139 3 52 79 20 24 4 42 lO'O 083064 jl 

83 1762 May 28-33461 101 2 0 348 33 6 85 38 is'o 003912 'l 

84 1763 Nov. 1-86141 81 58 68 366 24 4 72 31 62'9 6974 784 '0-998680 

86 1764 Feb. 12-67100 15 1 1 52 120 4 33 52 63 31 jo 714462 jl 

86 1766 (1) I'eb. 17-3610 143 15 25 lii 10 50 1 0 50 20 9 703570 11 

87 11766 (2) Apr. 26-98882-251 13 0 74 11 0 S 1 46 9 000952] 0-8li4000 

88 jl769 Oct 7-62039 144 11 29 175 3 69 40 46 66 9-089039‘2'0-999‘2190 

89 1770 (1) Aug. IS 54085 350 16 51 131 68 56 J 34 28 9 H2K949l|o-)86119 

90 il770 (2) Nov. 22*2352 208 22 44 108 42 1031 26 .66 9 722833 1 

91 11771 Apr. 19-21271 104 ^3 10 27 51 4911 15 19 9-965910 j 'l-0093008 

92 '1772 Feb. 19-09933 110 14 54 254 0 1 18 ]7 ,38 0 00686.62lU-9031481 

93 11773 Sep. 5-37085 74 5 7 41 I2I 4 49 61 13 19, 0-0512720 |o-9936023 


Pingr6 

Bessel 

Halley 

Mccbain 

Halley 

Halley 

Henderson 

Halley 

Halloy 

Derowes 

Kncke 

Kosenbcrger 

Olausen 

Halley 

Halley 

Peirce 

Burckhardl 

Halley 

Bacaille 

Biirckhardt 

Burckbardt 

Struyck 

Struyck 

Argelander 

Sporer 

Buivkhordt 

Bradley 

1 ‘anasy 

Lac ai 11c 

Barker 

( ‘lausen 

Klmkenberg 

Kuler 

LEicaiUe' 

Lemaniier 

Itesael 

I )(j Batte 

i hngre 

Kosenberger 

Clhappe 

(')iiippe 

Burckhardt 

Burckbardt 

Thngrc 

J'ingre 

Burcldiardt 

Bessel 

Ticverrier 

Piiigre 

Kncke 

Bessel 

I'ingre 



9AL0ULATED ORBITS OF COM£TS* 



o f II o r /, j 3 » I, 

04 1774 Aug. 1.V88010 317 5^^40 180 44 34 8.3 20 6 0-15r)2()06 1*0282955 1) 

95 1779 Jan. 4*10445 8« 53 0 2.3 40 0-32 43 0 0*803000 I D 

90 1780 ( 1 ) Sep. 30-92030 24fi 35 50 123 41 15 54 23 12 8-98{^6418 9-9099640 R 

97 1780(^2) Nov. 2H-84790 240 52 0141 1 0 7*2 3 80 9*7120410 I R 

98 17810) July 7*18887 -239 11 25 83 0 38 HI 43 2G 9-8897840 1 1) 

99 1781 (2) Nov. 29-52320 16 8 7 77 2*2 55 27 1-2 4 9-9827230 1 R 

10(1 1783 Nov. 19*56218 49 31 55 55 12 0 47 42 0 0-1747341 0-0784 D 

101 1784 Jan. 21-19960 80 44 24 56 49 21 51 9 129*8499460 1 R 

? 

1(^2 1785 (1) Jan. 27*32549 109 51 56 264 12 15 7^4 14 1-20-0581980 -1 J) 

103 1785 (2) Apr. 8-47200 i297 84 30 64 41 40 87 7 0 9-41310240 1 , R 

loi 1786 (1) Jan. 30-87350 1.56 38 0 334 8 o|l3 36 0,9-6248100 'i-84836 D 

1('5 1786 ( 2) July 8-56747 158 38 .30 195 23 32j50 58 33 9-595763(i l D 

loo 1787 May 10*82545 7 41 9 106 51 3.5148 15.51 9-54-27140 1 R 

107 1788(1) Nov. 10-3093-2 99 8 7 1.50 56 43il'> 27 40 0-0-26538() 1 H 

lOS 1788(2) Nov. 20 30-251 22 49 .54 3.52 24 ‘26j6 1 30 24 9-8792700 1 I) 

loo 1790 (I) Jan. 10-79038 58 24 4-5 172.50 229 14 7 9-8735160 1 R 

110 1790 (2) Jan. 28*31677 111 44 37-267 8 37156 58 13 0-0266503 1 B 

111 1790 (3) May 21-24090273 43 27 33 U *2:63 .52 27!9-901 0814 1 R 

112 1792 Jan. 13*53489 36 20.32190 42 9 39 4-5 47;0- 1114503 1 R 

113 1 792 (2 ) 1 >ec. 27 25360 1 35 59 24 283 15 1 7 '49 1 45:9*9851 060 1 R 

114 1793(1) Nov. 4 84140 '228 42 0 108 *49 0 60 21 0,9'605736() 1 R 

115 1793(2) Nov. 28 59981 75 58 58 359 4 48'47 35 5|O*U013OO 0*7347635 !> 

(104) 1795 Dec. 21*4.t0i»8 156 41 24 334 39 -2613 42 30:9*5243040 0-8488828 T> 

116 1796 April 2*82478 192 44 13 17 2 16 64 .5 4 3.3;t)-19815l0 1 R 

117 1797 July 9*11424 49 34 42 329 16 3 (i 50 35 .50'9-7205310 1 R 

US 1798 (\ )'April 4*49879 105 6 57 12‘2 12 21 ',43 44 42', 9-6853710 1 D 

119 1798 (2) Di‘0. 31*55350 34 27 27 241) 30 3o'42 26 4 9 8918290 1 R 

1*20 1799 (1) Sep. 7*2-26-26 3 38 9 9'.) ‘21 I l/'l 1 29 9-9-244710 I R 

121 1799(2) l‘<*e. 2.5-89640 190 20 12 32i» 49 11;77 1 3Si9-79(H370 1 R 

1-22 1801 Aug. 8-5574 183 49 0 44 *28 o!21 '20 0,9-417804 1 R 

1-^3 1802 Sep. 989102 332 9 4 310 l5 39;57 0 47|0039061 I D 

124 1804 Feb. 13-58813 1 18 44 51 176 47 58 50 -28 4Oi0-029S58 1 J) 

(101) 1805 ( 1 ) Nov. 21 49987,156 47 19 334 20 5*13 .33 309-5320)08 0.84017529 D 

(9-i ) 1H05 (2) I )ec. 32-97420 109 32 23 -2.51 M 1.V13 38 450 9.575] 20 0-745781 D 

Vjr, 1806 Dec. 28.93150 97 2 3 322 l9J.5jl5 2 50;0-0340550 1 R 

1-20 1807 Sep 18*738870 270 54 4*2 -iOO 47 lljOJ Ji) 28 9 81031575 0-9954878 D 

1*27 1808 (1 ; May 12 953 69 12 57 3*22 58 36| 15 43 7 9*59091 |1 R 

128 1808 (2 ; July 1216768 *>52 .38 50 24 11 15130 1.8 59 9*78.3870 il R 


Calculator. 


1 ) Burckhardt 
D Olbora 
R Cliiver 
R Olbere 
1 ) Mechain 
R Legendre 

I ) Rurokbardt 
K Mecharn 

J) Mechain 
R liaron 

D Encke 
D Reggio 
R l>arnn 
H Mechain 
D Mechain 
R 1 i»ron 
B Mechain 
R Mf-chain 
R /.ach 
R Prottpeiin 
R liarou 
]> Burckhardt 
T> Encke 
R Gibers 
R Bouvard 
1 > Olbera 
R Uurckhaardt^ 
R Olbcrs j 
R Mechain 


129 1810 Sep 29 0997 52 44 12 310 21 2161 1115 9 989:1549 1 

130 1811 (1) Sep 12-257,31 75 0 34 140 21 41173 2 '21 0*01.51178 0-99,50983 

13] 1811 (2) Nov. 10 99048 47 27 20 93 ] 4.5’3J 17 11 0*19923.59 0-9H27J09 

1,3*2 1812 Sep. 15*31350 92 18 46 -2.53 1 ;]|73 .57 3 9*8904995 |0-95454 12 1 

1.33 1813 (1) Mar. 1.526.50 69 66 8 60 48 24 21 13 33 ‘)-844.5579 I I 


1,3*2 1812 Sep. 15*31350 
1.33 1813 Mar. 1.526.50 


134 1813 (2) May 19 6*2378 197 28 37 42 39 3(i 80 55 5 0-084364 1 U 

135 1815 Apr. 25-99217 149 2 12 83 28.50 44-29,55 0-0838109 0.939219& D 

(9-2)? 1818 (1) Feb. 7*397 95 7 0*2.54 O 0 20 0 21 )86,5*26 1 D 

136 1818 (2) Feb. 2.5 95890 18-2 45 22 70 26 1 1 80 43 l^ )'07K371 1 1 1) 

(104; 1819 (1) Jan. 27*25616 156 59 12 334 .33 19 13 36 .54 9 52.5^1771 ;0*848,5841 D 

138 1819(2) June27*73998287 1-3 4 *27.3 42 28 sO 43 50 9 .5310268 ll D 

139 lHljr(8) July 18*9(K)20 274 40 54 1 13 10 48 lO 12 48 0-.8K.S53S*4 jO 75519035 1) 

140 1819(4) Nov. 20 245.53| 67 IS 42 77 13 51] I 1 6,9 950l>3(>8 |0*68674,58 J) 


Gibers 

Gauss 

Finckc 

Gambart 

Burckhardt^ 

Bessel i 

Encke j 

lriesiiecke;r 
Argebmdes 
Nicolai 
F.neke 
Nicollet 
jOlbei -8 
I lioasel 
IPogBon 
Encke 
Encke 
Nicolai | 

Encke 
Encke i 





CALCULATED ORBITS OF COMETS. 


Greenwich Mean Time Longritude Inclina- Logarithrvi Eccenti 

of Perihelion Passftife. Uoii. olperDist. city. 


141 1821 Mar. 21-63656 239 2fl 2,"> 48 40 60 73 33 7 s-96?9r')23 1 K 

142 1822 (1) May 5-67988 192 46 48 177 27 22 53 34 4« 9-70280 1 R 

(104) 1822 (2) May 23-96296 157 11 44 334 26 9 13 20 17 9 5390382 0-8444648 D 

143 1822 (8) July 10 02433 210 53 48 07 61 23 37 43 4 9-92743 1 R 

144 1822 (4) Oct. 28-76978 271 40 1 7 92 44 42 V2 39 10 0-0588305 0 9963021 R 

145 1823 Dec. 9-44408 274 34 30 303 3 ] 76 11 57 9-3050720 1 R 

146 1824 (1) July 11-51296 260 16 32 234 19 9 51 34 19 9-7717807 1 R 

147 1824 (2) Sep, 19'2440 4 44 24 279 5 4!! 54 2-2 3 0 02fK)454 1 J) 

148 1825 (1) May 30-55880 273 55 48 20 7 53 50 41 80 9-948964 1 R 

149 1825 (2) Av,g. 18 71105 10 14 57192 56 4189 41 4719 9461924 1 I) 


Direc. of 
Motion. 

Calculator. 

R 

Rosenberger 

R 

Encke 

D 

Encke 

R 

Heilligenatein 

R 

Encke 

R 

Encke 

R 

Rumker 

D 

Ilouvard 

R 

Hansen 

D 

Claussen 

D 

Pin eke 

R 

Hansen 


(92) 1826 (1) Mar. 18-41218 109 46 0 -251 ‘28 2.'- 13 33 51 9-0554571 0-74C5727 D Sautlni 

151 1826 (2) Apr. 21-97701 117 11 30197 30 34 39 57 240-3016581 1-0089507 D Nicolai 

152 1826(3) Apnl 29 03904 35 48 1 40 29 1 5 17 2 9-2744-275 1 R Cluver 

153 1826 (4) Oct 8-96224 57 48 24 44 (J 28 25 67 18 9-9308620 1 D Argelander 

154 1826 (5) Nov. 18-41206 315 31 38 235 7 48 «9 22 10 8-4296 1*28 1 R Cluver 

155 1827 (1) Feb. 4-92156 33 30 10 184 27 49 77 35 35 ()-740lKM) I R Heilligenst.eiii 

156 1827 (2) June 8-41120 297 32 42 318 10 28 13 38 45 I) 9071010 1 R Heilhgenstein 

157 1827 (3) Sep. 11-69286 250 67 16 140 39 14 54 4 42 9-] 303857 jfl 0992731 R C'liivtr 

(lO;) 1829 Jon. 9-74591 157 17 53 334 29 32 !3 20 34 9-5385038lO-844C245 D Encke 

158 1830 (1) AprU 9-60506 212 23 19 -200 22 43 21 11 9 9 905()486jl J) Suntiiii 

159 1830 (2) Dec. 27-66040 310 59 19 337 53 7 44 45 30 0 090982-2 1 R Wolfers 

(104) 1832 (1) May 3-97551 157 21 1 384 32 9 13 22 9|0-535S905 0 8454141 1) Eucko 

160 1832 (2) Sep. 25 52156 2*27 55 30 72 20 1*2 03 18 3'0-073-2U01 1 R E. Rouvard 

161 1833 Sep. 10-186 222 51 14 323 0 48 7 21 2,9 0012000 1 D fetors 

162 1834 April 2-821 270 27 3-220 1 31 5 59 48;9-7096600 1 D Eeters 

163 1835 (1) Mar. 27-57651 207 42 55 68 19 40 9 7 39 0 309908111 R W. Resael 

(104; 1835 (2) Aug. 26-36078 157 23 29 334 34 59 J3 21 15 9-537J089|0-84503.56 D Encke 

(7) 1885 (3) Nov. 15*93889 304 31 32 55 9 59 17 45 5 9-7083194 ()-9073yo9 R Il.Westphalen 
fl04) 1838 Dec. 19-01224 15 7 27 4 334 30 41 13 21 28 9-5300085 0 8151775 D Encke 

164 1840 (1) Jau. 4-47111 1192 12 17119 57 54 53 5 41 9-7913112 1 D Lundhal 

105 1840 (2) Mar. 12-09061 80 18 20-236 49 10 ’’O 13 20 OMKS0K503p-9978836 R Plaiitamour 

166 1840 (3) April 2-49544 324 12 40 IhO 2 57 79 51 52 9 H740948 1 D Rumker 

167 1840 (4) Nov. 13-64138 ‘22 31 34 218 50 15 57 57 23 0-]705l)7() ()-9698527 D Gotze 

(104) 1842 (1) April 12-01815 157 29 27 334 39 10 13 2(* 20 9 5378301 0 8447904 I) Encke ' 

168 1842 (2) Dec. 15-95670 327 10 13 207 49 1 73 33 37 9-7020605 1 R Langier * 

(50)? 1843 (1) Feb 27 41 4015 278 43 12 1 20 59 35 38 34 7-7392979 0 0999365 R Hubbard 

169 1843 (2) May 6-05593 281 29 30157 14 46 52 44 40 0-2085315 1-0001798 D Gobtz 

171 1^ (3) (Tct 17-14786 49 31 9 -209 29 9 U 22 31 0-228548K 0-5559623 D Leverrier 

(58)? 1^4 (1) Sep. 2-47402 342 30 50 63 49 0 2 54 50 0-0742309 0-6176539 D Briinnow 

172 1844 (2) Oct. 17-33613 180 23 50 31 38 55 48 36 22 9-9321180 1 R Hind 

173 1844 (3) Dec. 13*68294 296 0 30 118 22 23 15 30 34 9 4001230 1 D Hiud 

174 1845 (1) Jan. 8 15698 91 1 9 42 330 44 31 46 50 36 9 9567272 1 D Gougon 

1T5 1845 (2) Apr^ 21-03098 192 33 M 347 7 0 56 23 36 0 09853.301 D Faye 

176 1845 (3) June 5-67342 262 3 17 337 49 18 48 41 59 9-00382J10 0-9898743 R I) Arrest 

(104; 1845 (4; Aug 0-62627 157 44 21 334 19 33 13 7 34 9 5291(K)8 0-8474362 D Encke 

177 1846 (1) Jan. 22-09387 89 6 25111 8 29 47 26 6 0-1704680 0-9924026 D Jelmck 

(02) 1846 (2) Feb. 10*98766 109 ^2 26 -245 54 45 J2 34 53 9-9327011 0-7570030 D Plantamour 

f92) 1846 (2) Feb. 11-05401 109 2 45 *245 56 7 12 34 13 9 93-26965 0*7558991 D Plantamoui- 

178 1846 (3) Feb. 25*87406 116 28 22 102 41 C 30 55 53 0-8129827 0-7933879 1) Brunnow 

179 1846 (4) Mar. 5‘35599 89 16 50) 76 49 35 85 34 58 9-8245330 1 D Van Denise 
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No. 


180 

181 

182 

188 

184 

188 

180 

187 

188 
189 

100 

104) 

191 

192 
103 


Greenwich Mean Time 
of Perihelion Passage. 


1840 

1840 

IKIO 

1810 

1847 

1847 

1847 

1847 

1817 
1847 

1818 
1818 
1840 

1840 

1849 


May 25-94071 
.Time 1-21242 
June 5-47921 
Oct. 29-91663 
Mar. 30-32230 
June 4-69002 
Aug. o-e-oou 

Aug. 9-442-.i6 
Sep, 0 54272 i 79 
Nov. 14-4185(5 274 

Sep. 8-0453-2 isiO 
Nov. 26-11507 157 


Longitude', Longitude 
of of 

Perihelion' Node. 


I 


Inclina-I 

tion. 


84 

[240 

162 

98 

i275 

141 

21 

246 


194 il850 
105 ,1850 
171)11851 
190 ,1851 
197 '1851 


(«) 

0 ) 

I 

{’0 

w 

(1) Jan. 19-847S1 ! 08 

§ 

(1) 

(2) Oct. 19JUK51 I 89 

(1) 


161 

260 

j261 

4 

21 


^8 14 
7 85' 

6 2 
47 19 

46 42 
37 13,173 
20 33 70 
42 4|'338 
12 4i!300 
23 35VjO 

34 41 *211 

I 

47 8 331 


Logarithm I 
of per Dist. 


51,57 43 40| 
59,30 24 24 
12!29 18 47| 
22 49 39 3 
44 ,48 3223 
43 79 33 43) 
2 32 38 24] 
l '83 27 
2419 8 25j 
37 7> 57 40j 

31 '‘81 24 5o| 

I [ 

12'13 8 36 
>50!85 2 54 


Eceen- d.S 
tncity, £ t 
SSS 


Calculator. 


May 20-40803 ;235 
June 8-20301 |207 
July 23-51900 j273 

Apr. 1-80500 I 49 
.luly 8-09157 [322 
Aug 2O-23103;31O 


43 48 202 33 
6.30i 30 32 
24 27 i 92 53 
20 311200 1 
41 38,209 31 
59 19:i48 27 
59 22!-22.i.}iJ 


15 07 
22,60 
25,08 
0 40 
19!u 
41 13 
0 38 


0-13143171 
‘O-1842997|0-7213.385 
9-801H857p-9890389 
9-9187601 0-9933127 
|8-6457238p-9903425 
0-32533731 
|0 1715239 0-9974348] 
0 2472789!] 
'9-6882966j0'9725603| 
9-51875971] 

'9^05050''!i • 

9-527671 7, v)-8478281 
9-982149T:1 


0 ] 9 0-0642078'! 

55 19'9 9515250j0-99783l2 
12 7j0 034O3U7!0-99998C8 
e 63|9-75J8-260il 
21 39] 


0 

198 11851 (1) Sep. 30 79993 338 45 56' 14 26 11 73 


0-2303547 
56 4iO-()G90470 
9 219-993 J 273 

59 44|a-l50392R 


jO-55492261 

0-0007426, 

io-9968516 

1 


Brorsen 
C.H. A. Peters] 
Oudemans 
Quirling 
]Villarc€au 
Gauttier 
Sclioveizor 
|V. Littrow 
iD’Arrest 
Rumker 

{ Sometag & 
Quirling 
|£iicke 
jPetei-Bon & 
(Loremtag 
jOougon 
llVA’-rest 
Sumela.g 
iRoslhuher 
Li verrier 
IVillarceau » 
jBrorsen 

{ Giitze and 
Sometag 




This tabic will be found useful, inasmuch as it affords facilities to the computer to ! 
compare the elements of any recently -discovered comet with those given here. , 


Notes on Comets. — 371 b.c. According to Diodorus of Sicily, about the end of ] 
the year 371, a comet appeared of prodigious magnitude, which was accompanied at the i 
same time by inundations and an earthquake. Its apparent motion was from west to | 
cast, but its real motion was probably retrograde. From all recorded circumstances, it 
appears when observed to have been near its perihelion, and the inclination of its orbit 
to have been very great. 

Seneca relates that the comet was divided into two portions near the end of its 
appearance. Struyck is of opinion that the comet was identical with that of 16G4, but 
there are no grounds for this supposition, 

344 B.c. At this period, Diodorus relates that Fabius and Sulpiciua, being 
consuls, on the occasion of Timoleus of Corinth undertaking an expedition to Sicily, 
a burning torch appeared in the heavens the whole night, and preceded the train of 
Timoleus, even till its arrival in Sicily. We may then infer that it had a considerable 
north declination, and that it appeared in the western heavens. « 

203 B.C. M. Cornelius Cethegus and P. Sompronius Tnditanus being consuls, a 
comet was seen at Sethia, extending from east to west. The Chinese annals confirm 
Jliis by its appearance, about the month of August, near Arcturus. 

172 B.c.^ P. De Maille relates that a great comet appeared in China, at the end of 
the summer of this year, which had a tail. 

156 B.c. In China, near the end of Octoi)er, and visible for a period of twenty-one 
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days, a comet in the west, which traversed the constellations of Aquarius, Equuleus, 
and Pegasus. 

156 B.O. In this year, Seneca relates that, after the death of Demetrius, king of 
Syria, a comet appeared as large os the sun. At first its appearance was red and 
fiery, emitting sufficient light to dissipate the darkness of night. Gradually, however, 
its magnitude diminished, till it finally vanished. 

136 B.c. In this year three comets were seen, which all may belong probably to 
the same body. 

I. 8. M. Emilius and C. Hostelius Mancinus being consuls, a burning torch was 
seen in the heavens at Pren5ste. 

II. Under the reign of Attatuss king of Pergamus, who reigned from 138 or 137 
to 132 B.c.^ a comet was seen, which ca supposed to be that of 136 b.c., and which, 
small at first, gradually increaoed till it reached the equator. Its tail equalled in 
length the parts of the Iieavens whose extent is the “ Milky Way.*' 

in. At the birth of Mithridates, who lived from this year to about 66 n.c., a comet, 
whose brightness was greater than that of the sun, lasted for about seventy days ; the 
heavens appeared on fire, and the comet appeared to occupy one-fourth part of the sky, 
but it is'doubtful whether this occurred in this year or 134 b.c. 

133 B.C. In this year at Anisteme, the sun was seen during the night, and this 
i lasted for some time ; but it is likely that these appearances were duo to the meteors, 
« Y’^ich we so frequently observe. 

48 B.C. Lucian mentions that in this year a terrible comet appeared ; tlie darkness 
of the night was illuminated by it. In 49 b.c., or probably 48, a comet was seen in 
China whose paths were extended from $ Cassiopei® through i Cassiopeifc, till it was 
lost finally among those stars which never set. 

43 n.c. In the latter part of September of this year, during the feasts in honour 
of Venus, a comet was seen, which was of great brightness, and was visible in all 
parts of the earth. It was visible about 6 r.M.. wlieii tlio brightness of the sun 
permitted it to bo observed. It is very probable that it was in the sign I^eo, with a 
north latitude of 35® to -10^, and that it was identical with the oomot of 1680. In 
China, in this year also, a comet was seen in the months of May or June, which was in 
the constellation Orion ; but if this is the same comet as the preceding, it will not 
agree with the elements of the comet of 1 G80. 

Since the Ghxistian E]ra.>-14. Accordingly Dio Cassius, S. Pompeius Magnus 
and S. Apuleius being consuls, many comets of ibe colour of blood were seen to 
shine. 

39. In the Chinese annals mention is made of a comet in this year, which was 
, visible from the 13th of Mar(;h to the 30th of April, or for forty-nine days. Its path 
was from the Pleiades, through Pegasus, and finally to the head of Andromeda. 

60, In China a comet was seen in the constellation of Capricomus, whose tail was 
eight degrees in length; its appearance lasted for fifty days, and it was last observed 
ill the south of the head of the constellation Scorpio. 

76. Pliny relates of a comet being observed this year, which was described by 
Titus Caesar as having occurred in his fifth consulate. In China it was observed from 
the seventh of September, ,and was visible for forty days. Its tail wa.s 3'^ in lengthy 
and the path of the comet was from the head of the constellation Hercsul^s to 3° of 
the cast Capricorn. 

117. In the 9th of January of this year^a comet was seen towards the west. On 
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January 14th it was seen near $ Librae and a E^uulei; it afterwards passed to the 
oonstellation Musca. 

141. According to the Chinese annals, on March 27 th of this year, a comet, whose 
tail was 6® or 7“ in length, was seen near a and $ Pegasi. On the following 16th of 
April it was near { Andromeda. On the evening of the 22nd of April it had passed 
over the Pleiades, or about IP of right ascension. On the 23rd of April it was seen 
in the feet and legs of Gemini, and finally disappeared in Leo. 

240. Seen in China, on the 10th of November, a comet with a tail 30"' in length in 
Scorpio ; it passed through Capricornus, and on the 6th of December entered . into 
Libra. Its latitude was 2° south on the lOth of November, but at the beginning of 
December it was not an entire degree. On December 19th the comet was south of 
the ecliptic, and was in the constellations of Aquarius and Cetus. 

252. In this year two comets were seen in China# The first w^ seen in the wing 
of Pegasus on January 10. It was to the west, and appeared seventy days. 

On the 25th of March a comet was visible in the constellation Musca, it was seen 
for twenty days, and the length of its tail was 50"* or 60^. 

336. In China, on tho 16th of February, in the evening, a comet was seen in the 
southern arm and the girdle of Andromeda, and in the northern part of the constellation 
Pisces. It is probable that this is the comet which is mentioned as having been seen 
at the death of the Emperor Constantine, who, however, died on May 22nd i*i the 
following year. 

363. At the end of August of this jear, according to the Chinese annals, a comot 
was seen near the stars, a, «, A, t, v Virginia. Its brightness was so great that it 
was visible in full day. 

389. In this year a brilliant comot was visible, in tho month of August, in the 
morning, which Mascellin, Philosostorgus, and Nicephorua mention. It equalled 
Venus in brightness, and was erroneously placed near this planet. Payne has 
calculated that the planet Venus was at this time in inferior conjunction, and that it 
did not become visible in the morning till November ; but he thinks that it was very 
likely that it was near Jupiter. Jupiter was, at this time, in August, to the west of 
the sun, and would rise a short time after midnight. The comet lasted for forty days, 
and finally disappeared in the constellation of Ursa Major. 

390. In tliis year a comet appeared similar to a hanging column, which lasted for 
thirty days. There appears to be no doubt that this was a different body from that of 
the preceding ye:)r. 

400. The historians of this year, Socrates and Sozerames, make mention of a 
terrible comot which occurred, and was seen in this year. Its form was that of a 
sword. It was also observed in China on the 19th of March, near the northern part 
of Pisces, and the girdle and southern arm of Andromeda; its tail was 30'’ in length. 
It successively passed through the constellations of Cassiopoiac, and to the square of 
the great bear, where it was near x Ursse Majoris, then to a Hercules, and finally 
between y and 3 Virginis. But this does not appear probable, lor A would have 
been more so, if, instead of the head of Hercules, itj^haJ been written the tail of the 
Lion. 

418. During an eclipse of tho sun of this year, on th# 10th of July, a comet was 
seen whigh had a conical form, and was visible for a period of four months. This is 
confirmed by an actual calculation of this eclipse, w'hich occurred at this time. It W'M 
also seen in Cliina, and its path was as {pUowa : — At its first appearance, it was near 
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the star 5 Cygni, from which it went to the square of the Great Bear ; it afterwards 
proceeded to that part of the heavens which always remains above the horizon, to the 
constellations Bootes, Virgo, Leo, and Oerana. Struyck was of opinion, at first, that 
this comet was identical with that of 1596, but afterwards ^enounced this opinion. 

467. Perseus and John being consuls, a great prodigy was seen for some days i^i 
I the heavens. It was observed for 40 days, but in some places it was only seen for 10 
days. 

604. In this year a star or comet of great brilliancy was seen, but the Saxon an- 
nalist describes it in exaggerated terms. 

630 or 631. The Chinese annals make mention of the first, which appeared in the 
month of October, 630, Its course was from Arcturus to A and TTrsfc Majoris. This 
would agrcrvwith the motion of the comet of 1680, which period Halley had assigned 
to it ; and we may^ therefore, intfer its probability. The second, which appears to be 
a different body, was seen at Constantinople in 531. All the Byzantine authors speak 
of the last, which is described as having been a large and terrific body, and was visible 
with them for 20 days. Its rays extended to the zenith, and it was compared to a lamp. 

639. This comet, which was visible for 40 days, occurred in the 13th year of 
Justinian. Its head was in the cast, and its tail extended to the west. Its appearance 
is described as being equal in magnitude to a great man, which afterwards increased. 
It was afterwards observed in China, in the constellation Sagittarius, near ju, t, rr, t 
^nd (. Its tail w'as 10 feet long. On the 1st of January, 540, the comet was within 
3° of Venus ; but this appears improbable. 

665. On the 4th of Aiigiist of this year, a comet was visible in China, and remained 
so for 100 days. It was first seen in <?,/, 6, <f>y o, and h of the Great Bear. Its tail was 
not a whole degree in length. It then approached y Aquarii, and c and 0 Pogasi, at 
which time its tail was 10® long. Its last appearance was in Equulcue. 

666. In this year a comet was seen which, according to one chronicler, lasted for 
a whole year ; but, according to another, which is more probable, only remained for 66 
days. It is described as throwing out a long flame, and appeared in the Arctic circle. 

668 (first comet). On the 10th of July of this year, a comet was seen in China in 
the foet and thighs of Gemini. 

668 (second comet). Another comet was observed by the Chinese this year, on the 
3rd of September, in the face and heart of Scorpio, n hieh proceeded eventually to the 
east. On the 8th of September, it had a tail of 40"*, near the northern star of Delphinus. 
It then passed through the constellations near B Aqimrius and a Equuli, and a Aquarius, 
and e and 0 Pegasi, and entered into the constellation the Eye of Pegasus. On the 8th 
of October it was in the head of Aries. It w^as observed altogether for 69 days. 

. 682. At Easter day, which occuired on the 29th of March, a great comet is men- 

tioned by many historians as having been seen at Soissons. 

607. In China, two comets arc mentioned as having been seen, which some astro- 
nomers consider identical. The first appeared on the 4th of April, in the west. It passed 
through the constellations, the northern Fish, the girdle and the southern arm of Andro- 
meda, the head of Aries, a and C Virginis, and the feet of the Virgin, where it dis- 
appeared. 

The second was seen ozvthe 21st of October, in the same constellations. It passed 
over the northern part of Leo, of Virgo, and of other stars more to the north. The 
comet did not attain the constellation a, /3, 7, 6, c, C t;, 8, ic, Orionus. 

616. In July a comet was seen in China, in the Great Bear. Its tail was 60° or 
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CO'’ in length. During the night ice head or nuoleue had, as it wore, a moticm of 
libration. 

676. In the beginning of this year a comet was discovered in China, whose tail was 
5^ in length, to the south of the constellations a and C Virgiois, and the feet of the Virgo, 

729. Hedc and other chroniclers mention a comet as having appeared in the month 
of January of this year, which was near the sun for 14 days. But some mention 
two having been seen, which is improbable. It is likely that it had a right ascension 
little different from the sun, with a northern declination, which would account for its 
setting after the sun, and rising before it. 

837. Father do Maillc, according to Pingre, relates that on the 22nd of March, in 
China, a comet was seen near a Aquarii, s and e Pegasi. The tail of the comet was 
7“ long. • 

On March 29, it wasjseen in 0 Aquarii and a Eqnulei. On April 6, it had a tail 
lO'’ long, and its motion was towards the west. On April iO. the tail was 50° long, 
and separated into two portions. On April 6, its tail was undivided, and its length 
was 60'*. On April 14, the length of the tail was 80®, at which time the comet was in 
the constellation Hydra. After this time the length of the tail decreased considerably, 
and on April 28 it was seen for the last time with a tail only 3° long. Pingre, after 
having carefully investigated all the i)receding observations, deduces an orijit which 
appears in our catalogue ; but there appear strong reasons for inferring that it was 
probably an apparition of Halley's comet, which, from some errors in the published i 
accounts, will not agree with the observations. There also appears to be a doubt as to 
the year of this appearance — the Latin accounts agreeing consistently in placing it in 
838, whilst the Chinese give 837. Were two comets seen, or is there an error in the 
Chinese account ? The account of an anonymous Latin historian differs both in date 
and position. It is nearly as follows « It was first seen in Virgo, and pursuing 
.n retrograde course ; it traversed successively Leo, Cancer, and Gemini, all in the 
F-ii'ice of twenty-five days, and finally disappeared in Taurus, under the feet of Auriga. 
I’ingre’s orbit, which is based on the Chinese observations, will not agree with the lat- 
ter path ; and we may infer, with some reason, that the year was 838, and the comet of 
which the Latin historian speaks was that of Halley. 

855. In this year, an ancient chionicler mentions two stars being seen in the month 
of August, on ten successive occasions. They were likely comets, the larger being 
always visible, but the sinaUcr not so frequently. A comet was also seen in France 
during 20 days. 

875. On June 6, an extraordinary blazing comet was seen, with a fine tail. It 
appealed first in Aries, and was visible during the whole month of June. This comet 
was supposed, at the period, to be the announcement of the death of the Emperor , 
Louis II. 

891, In China, on May 12, a fine comet was seen in Ursa Major, with a tail 100® 
in length. This comet is also mentioned in the Saxon annals. Pingrd was of opinion 
that this comet was identical with that of 1532 and 1661. ^ 

895. A fine comet, whose tail was 100® long, was visible in China on June 25. It 
was first seen near t and k of the Great Bear, and in the course of its appearance it 
passed over Cereno, part of Hercules, and Serpentarius. ^ The length of the tail also 
increased to 200”, which, however, Pingr^ asserts is difficult to believe. 

905. In this year the European and Chinese annals mention the appearance of a 
great comet in the months of May and Jwe. 
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912. In this year the Latin authors relate that a comet appeared in the month of 
March, for fourteen days, in the north-west. A Greek author mentions its duration as 
being forty days. 

931. A comet was visible in Cancer in the months of May, June, and July of this 
year. 

939. On the 19th of July of this year a longer eclipse of the sun was seen ; and in 
Italy, during eight successive nights, a comet of great splendour was beheld. 

912. A comet was seen in October of this year for upwards of twenty days in the 
western heavens. Its motion was towards the cast. Its head was faint, but the tail 
projected and resembled smoke. 

976. In the autumn of this year a comet is mentioned by the Latin and Chinoae 
historians. In China it was seen on Ai/giist 3rd in Hydra ; its tail was 40” in length. 
The comet, during the time of fls appearance, which was for, eighty-three days, passed 
through the const olletion Cancer to the space between y Pogasi and a Andromedae. 
Pingre remarks that there is a considerable similarity in the above path to that of 1556, 
which is supposed, with great probability, to be identical with that of 1264. Taking 
its perihelion passage a few days before the end of 975, July, Pingre finds that it might 
have been seen about tbc lltb of July, which Father Ganbil states to be the case in 
China. On August 3rd it would have been in conjunction with the sun, but its northerly 
latitude' being considerable, it would rise some time before it, and might leave, as raon- 
t-oned, a tail 10” long. Its course would then be retrograde, apparently through the 
constellations of Cancer, Gemini, Taurus, and Aries, in which latter sign it would pro- 
bably be visible about tbt; month of Octf>her. There is sufficient accordance in the 
above to give this opinion of Pingrd’s considerable weight. 

989. An appearance of Halley’s cometis 8ux)po3ed to have occurred in the autiimn 
of this year. On August 5tli it was seen in the constellation of Gemini, and pur&uinga 
retrograde direction, it passed through the constellations of Leo and Cancer. Burckhardt 
has compute an orbit from the rough account of the Chinese annalist, which appears 
in our table. 

1000. A comet of extraordinary brilliancy was seen this veor for nine days ; but 
there appears to bo some doubt as to the exact period. 

106G. In the April of this year the Chinese and European annalists mention that a 
comet of great brilliancy was .seen. It was supposed to be the forerunner of tho con- 
quest of England by 'William duke of Normandy The orbit has been computed by I 
PingK*, from the (-Linese annaliats, and there ajqiears a strong probability of its identity 
with that of 1677. 

1097. Although the comet of this year was only seen for a very short tffne (in 
Europe only fifteen days), it is remarkable as projecting two rays or tails, which were 
directed to the east and south-east respectively. In China, on ( Ictober 6th and 9th, its tail 
was noted as being respectively 30" and 50” in length. On October 6th it was seen in 
China near a and fi Librm. On October 16th it was seen near the head of Hercules. It 
ceased to be visible in China on October 25. 

v 1106, A great and fine comet was seen in Palestine on February 7, and in China on 
February 10. It was seen on February 7 in Pisces. Its tail was similar in colour to the 
whiteness of snow. Its appearance lasted for fifty days. In China, on February 10, 
its tail was 60" in length, and extended from Gemini to Orion. During its apparition, 
it traversed the path from the end of Pisces to the end of Taurus. There is some simi- 
larity supposed between this comet and that of. 1686. 
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1222. In the months of August and September a comet of extraordiztary magnitude) 
rery red, and accompanied with a great tail, was seen. In China it was ohserTed on 
September 10, beneath the feet of the Virgin, Arcturus, and Berenices. It disappeared 
on October 8. 

1231. A comet was seen China, on February 6, in Cygnus; its magnitude was 
equal to Saturn. From the recorded path, Pingre has calculated an orbit, which appears 
in our table. 

1204. A great and celebrated comet, of which all the historians make mention. It 
is supposed to be identical with the comets of 976 and 1556. It was risible for some 
months — at least three, probably four. Its disappearance occurred the same day as 
the death of Pope Urban IV., or on October 3. Pingr6 and Dunthome have calculated 
its orbit. • 

1265. An historian mc-itions that, at the commenoement of autumn of this year, a 
comet was seen with a long tail, which commenced to shine aftei midnight. 

1266. In Iho month of August of this year a comet was visible in France. It 
was also scon at Constantinople, near the sign of Taurus; there appears some doubt, 
however, with respect to this last account. It is questionable whether the comets of 
1266 and 1266 bo not identical. 

1299. On January 24 of this year a comet was seen near Coluniba. It whs visible 
for sixty-three days. Pingre has deduced its orbit from all the observations. 

1301. A great comet, w^hich is mentioned by the Latin historians as having occurro^ • ^ 
at the time of the autumnal equinox. It was also seen in China for forty-six days, 
commenc/mg with September 10. The elc^nents deduced by Pingr5 are very uncertain, 
hut Mr Hind is of opinion that this is identical with the comet of Halley. 

1337. At the summer solstice a comet is noted as having occurred about the time of 
the death of Fiederi<!, king of ^Sicily. It was aUo seen in China. The European his- 
j torians give its duration for three or four months. 

I 1337. A second comet was seen in this year, but it was not observed in China. 

The Europc'an historians mention it as having lasted two months. 

1351. In the month of December a comet was seen in Cancer in the east. The 
account, hower-jr, is obscure, and gives its position with uncertainty. From the Chi- 
nese positions of November 24, 26, 29, and 30, Burckliardt has determined the time of 
the perihelion passage on November, 26 days 12 hours. 

1362. On March 6 a comet was seen in China, near the constellation of a Aquarius 
and € and 0 Pegu si. It disappeared on the 7th of April. It was visible in Europe 
during Lent as a very great and brilliant star. 

1362. On June 29 this comet was seen in China for forty days. Its first appear- 
ance was in Caprioornus, and it had an extensive tail. 

1366. On August 26 a comet was seen in China in Ursa, Major. On August 27 it 
was visible in the tail of Scorpio. On August 29 it W'us near f and /u. Aquarius. On 
August 30 it was near jS Aquarius and a Equulei. 

1378. On t)ie 22nd of September of this year a comet was seen inwChina to pass 
over the stars in the western foot of Antinous. It was also seen in Europe. On Sep- 
tember 29 it was near the constellation Ursa Major, between Aries and Taurus. (This 
is certainly an error — the Great Boar is not near these constellations). It was visible 
fur five days, and its motion was in an opposite direction to the apparent diurnal motion. 
This is ah appearance of Halley’s comet. 

1385. On October 23 a comet was seen in the constellations of Leo and Virgo, to 
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tho south of the constellation Ursa Major. On the morning of October 30, it was seen 
near x Hydrse. It afterwards passed to the south of the constellations ^ X, v, and k 
I lydr®. The tail was 10* long. 

1402. A very large and very brilliant comet, which commenced to appear on the 
first day of Lent, on the 8th day of February^ and which^cinained to the beginning of 
March. 

1433. At Bologna a remarkable and brilliant comet was seen, which appeared from 
evening to morning. It lasted more than a month, or rather less than three months. 
Some dated its first appearance on October 12. 

1456. A return of the celebrated comet of Halley. It is represented by all the 
historians as being grand, terrible, and of extraordinary magnitude, with a tail equiva- 
lent in extent to 66*. But the extent qf this appendage was fleeting and uncertain, 
varying to only 7*. The period ^f its durability was about one month. 

1457. In tho month of June of this year a comet was seen in Pisces. Its body 
was small. Its tail, at first very long ,was equal to 15’ of a great circle. The colour of 

* the comet was of the appearance of lead. 

1468. Tho second comet of this year, which appeared in September, October, and 
November. It was seen at first in Leo, near the tail of Leo. Its colour was blue, with 
some mixture of paleness. It was a very small body. 

1472. In the month of December, 1471, a fine comet was discovered in China. At 
Japan it was observed on the 9th of January, 1472, whore it is described as being vciy 
great, its tail being equal in length to a street. In Europe it appears to have been first 
seen about Christmas— at first small, but afterwards very large. The greater inunbur of 
historians represent it as very fine, and as altogether fearful. 

1400. At the commencement of this year a great comet, with a very white and 
very long tail, was scon. It was visible at ‘Bologna about the middle of Ft briiai "’. Its 
head was small, and its tail long, but of little brightness. Pmgie mak( «? l!ie year 
of this appearance to be 1491, but another was seen in China in January, LlOl, in 
Oygnus, which cannot be reconciled with the European observations. 

150G. In the month of August of this year a comet was \ isibie with a long and 
bright tail, which extended between the stars of Ursa Major, It was observed in China 
and Japan, and appeared for a period of eighteen or twenty days, 

1531. On July 31, the comet of Hallev again made its appearance in Europe. In 
China and Japan it was scon on the 13tU of July. Apian, astronomer at Ingoldstadt, 
observed it from August 13 to August 23, from which observations, however rude and 
imperfect, Halloy has computed elements. Apian also observed that tho tail was 
always directed from the sun. It appears, from the Chinese observations, that the train 
was 7 ° in extent, and that the comet was visible for thirty-four days. 

1532. A comet was visible thi.s year, w’hich is supposed to be identical with that of 
1661. The orbit has been deduced from Apian’s observations, which, as in the preced- 
ing case, arc not much worthy of confidence. Its head appeared constantly in the 
morning before the sun, and wa'» three times larger than Jupiter. Its duration was 
about seventy days. According to the Chinese accounts, it was visible altogether for 
115 days, and its tail varied from 1* to 10* in extent. 

1533. A comet appesre(| this year about the middle of Juno. It -was seen in tho 

summer solstice in Taurus, with a very long tail. Its appearance is generally dated 
at the end of J une, and it was seen to the first days of September. * 

1556. This is the celebrated comet whose return is so anxiously expected. It began 
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to appear about the cud of February, at which time it equalled in magnitude one-half 
of the full moon. Its tail, however, was short and variable. It was not more at the 
greatest than 4' in length, and its flickering nature resembled much a flame agitated by 
the wind. The comet disappeared altogether on the 23d of April, near the chain of 
Cassiopem, after having heed seen for many days ; but its brightness being eflaced by 
the rays of the sun, which it was very near. It created great terror in the mind of 
Charles V. 

Id58. This comet appeared on July 14 in Loo. It disappeared on August 24 and 
25, apparently behind the clouds. It was at flrst not brilliant, but its brightness in- 
creased in^the latter part of its appearance. 

1569. In the November of this year a comet was seen in Serpentarius, and in the 
signs of Sagittarius and Capricornus. Its raojion in longitude equalled the extent of 
these tw<‘ signs. The cjinetwas discovered in November, and its tail was directed 
towai’ds the east. • 

1577. A great comet, which vvas discovered at Peru on November 1. It was seert 
in Europe by Tycho on November 1.3, at Uraniberg, in the island of Ilocnc ; on this day ^ 
ho estimated the diamotor of the head to be 7', and the length of its tail 22’; the head 
was white, but loss bright than the fixed stars. It was observed to January 2^» of the 
following year. 

1580. 'I’his comet was discovered at Tubingen, by Mesilim, on OctobtT 2 Tycho j 
discovered it on the 10th of the same month, and his observations have been used bv j ^ 
Pingre in calculating the orbit. Tycho ni.les that the diameter of thehcad was i; ^ i 

light fliiiit, its colour livid, and its tail dfflicult to be distinguished. Dr. Halley’s orbit j 
was based on the uncertain observations of Mestlim. Tycho observed the comet to s 
December 12. j 

1582. TIjc second comet of this year, which was seen for only fifteim clays at the j 
longest. Tj'cIjo discovered the comet, and observed it at Uraniburg from May 12 to | 
May 18. On May 17, the mugnitudo of the head was scarcely equal to stars of th'* j 
fourth magnitude. Its tail was more than 3’ long, and very faint. Pingre computed two | 
orbits from Tyiho’s ob.ser vat ions, which aie both necessarily uncertain 

1585. This <'oniet w'as discovered by the Landgrave of Ilesse, and Rothmaun, his ; 

1 astronomer, on October 18, and afterwaid.s observed by Tycho to November 22. At ' 

I its first appearance it equalled Jupiter in magnitude, but of leas brightness. This comet | 

1 had neither coma nor tail- | 

I 1590. This c( -met was discovered on March 5 by Tycho, and observed to March 1 6. | 

It is noted as being of a medium magnitude ; but it had a great tail, which extended fn j 
the zenith. On the day of its di.scovery the comet appeared as a star of the second | 
magnitude, and shortly afterwards, on the same night, of the first magnitude. Its ‘ 
brightness, however, was not so great as stais of this description. j ' 

1693. This comet, which escaped entirely Tycho’s scrutiny and observations, was I 
. discovered by his pupil, Do Ripen, at Zerbst, in Anhault. On August 4 , it was noted i 
as being of a livid and reddish colour ; its head equalled in magnitude stars of the third 1 
class, with a tail 4^’ in length. *'^Oa August 9, it was equal in brightnes.s to stars of the ; 
fourth magnitude, and a very slight vestige of a tail could be perceived. 

1596. This comet appears to have been discovered on July 11, and observed to the 
12Lh of August. Its colour was feeble and pale, with a taTl small, fleeting, and unde- 
fined. Valz considered that this comet was identical with that of 1845. 

1607. The third apparition of Halley’s comet, <is ascertained by the elements, which. 
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however, are not considered so accurate as could be wished. It was observed by* Kepler i 
in Prague, by Langemontanus in Copenhagen, and Malmoe in ^Scania. Bessers orbit | 
is deduced f^oiu the observations of the English astronomer Harriott | 

1618. The first comet of this year was discovered at Caschau, in Hungary, on 
August 25, and observed by Kepler from September 1 to September 25. 

1618. Tho second comet of this year was discovered at Silesia, on November 10, 
and at Borne on the same day. At Ispahan, in Persia, the Spanish ambassador saw i 
this comet for the space of fifteen or sixteen da 3 's, commencing with November 10, two 
hours before the rising of the sun. The length of its tail equalled in extent one-sixth 
part of the zodiac. On November 18, the Jesuits at the Boman College noted the 
extent of the tail to be 40 \ 

1647. Seen in Prussia on September 29, soon after the setting of the sun. This 
comet was small, and remained visible for a verjr ghoit time. 

1652. This comet, whicli was of a pale and livid ( oloiir, almost equalled the moon 
in magnitude, according to flevelius and l)c Canier.s. It was observed by many astro- 
nomers, but, with tho exception of those by Hevolms at Dantzie, the observations are 
very rough. Dr. Halley haa'computed his orbit fi om the observations of Hevelius. 

1661. This comet, which was considered at first to be a return of the comet of 1532, 
was discovered by Hevelius from February 3 to Mnn h 10 On these observations Dr- ; 
Halley has calculated its orbit, but no bodj*, wlin-h bears any similaiity to those j 
elements, was observed in 1789 or 1790. I 

' 1664. This comet appears to have been discovered on November 17, in Spain. It 

was observed by Huygens on December 2, and by Hevelius on Doeember 14. The 
observations were continued by Hevelius to February 18 of 16C6. At its first appear- 
ance it was noted as large us a star of the iiiat magnitude, but nut so bi ight. The lengtli 
of the tail was from 5^ or C’ to 10''. 

1665. This comet was seen at Aix on March 27. From the observations of Heve- 
lius, from April 6 to April 20, Dr. Halley has calculated its orbit. 

1668. This comet, of which the tail appt'ars to luxvc been only seen at Bologna, 
was observed piincipally in the southern hemisphere. There appears to bo some simi- 
larity of elements with the comet of 1843. 

1672. This comet was observed by Hevelius at Dant zic on Tlareh 2, and seen by him 
till Aiiril 21. On these data Dr. Il illey has conipuU;rl his orbit. The comet was 
small, having a train only F or iV in length, 

1676. Father Fontena^', ot the Society of the Jesuits, observed a comet at Nantes on 
the 14th of February. It was visible to March 9, and was equal to stars of the third 
magnitude. This comet had no tail, 

1677. This comet was discovered at Dantzie, on April 27, by Hevelius. It wa.s 
observed to the 8tb of May, and it is on these ob^e^vations Dr. Halley has calculated 

j bis orbit. The magnitude of this body w'as equal to J upitcr, and it had a tail about 2 ' 
in length. 

1678. Lapire discovered thib comet on September 11, and observed it to October 7. 
The orbit, however, deduced by Dawes is very rough, jiriucipally in consequence of 
the uncertainty of the observations. 

1680. This great and celebrated comet was discovered by a person whose name 
, is unknown, at Coburg in Saxony, on November 4. It was independently discovered by 
j Godfrey Kirch, on the 14th of November, while about to obsen-e tho Moon and Mars. 

I Flamsteed, at Greenwich, saw the comet on the 20th of December, arid observed it to 
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the 15th of February, 1681. The length of the tail on December 10 was 70^. Several 
elliptic orbits have been caleulatcd of this eomet. 

1682. Halley's comet. It was first observed at Paris by Pieard and La ffire, on 
August 2G, and last observed by Flamsteed on September 19. Its head was 2' in dia- 
meter, and the length of the tail varied from 12" to 15®. 

1683. Hevelius observed this comet at Dantzic from the 30lh of July to the 4th of 
September. Clausen’s Elliptic Elements, from Flamsteed's observations, give its 
period as 190 years. Its nucleus was equal to a star of the fourth magnitude, with a 
tail varying from 2® to 4®. 

1684. This comet was discovered by Bianchini, at Rome. It was observed from 
July 1 to July 17 ; on wliicb observations Halley has calculated its orbit. 

1680. In the August of this year a comfet was visible at Para, in Brazil, diu-ing 
the wliolc month. Itsh^d equalled stars of the firsf mngnittide, and its tail was IS'’ 
in length. 

1089. This comet was discovered at Pekin on the llth of December It was not 
seen at all in Europe. On December 11, the part visible of the tail W'as from 10’ to 
12°. In the southern hemisphere it was rcgulariy observed, and its tail at the 
greatest was 60® long. • 

1095. This comet was almost obscured by the atmosphere or coma by which it 
was surrounded, so that the nucleus was scarcely distinguishable. It was seen in the 
southern hemisphere in the Brazils by Father Jacob, a French Jesuit, on October 28* 
The lengtli of the tail was then 18*. » 

1008.^ The orbit of this comet is ven^ uncertain, in consoquenee of the roughness of 
the observations. Cassini discovered it at Paris, in the beginning of Sci>tembcr, in 
the constellation Cassiopeia, l^a Hire observed it to September 28. This comet was 
only seen at Paris, and was not larger than a star of the third magnitude. 

1699. Discovered at Pekin, by Father do Fontenay, on February 17, and observed 
to February 2(i. It was seen at Paris from February 20 to March 2. 

1701. This comet was discovered at Pau, by Father Palla, from October 28 to 
Novemb(‘r 1. It was a small body without tail, w'hich diminished sensibly in 
magnitude 

1702. This comet, w’bich was the second di.scovered this year, was observed from 
April 20 to May "i, at Paris, Home, and Berlin. The orbit is uncertain, in consequence 
of the roiigbnes" of the observations. This comet was compared to a nebulous star on 
April 20 

1700. Observed at Paris by Cassini and Maraldi, from March IS to April 16. This 
comet was also similar in appearance to a nebulous star. 

1707. This comet appears to have been discovered at Bologna on November 25, and 
observed to January 23 of the following year*. Of all known comets, this body has 
the greatest inclination. Viewed wuth a telescope, it appeared to be nebulous, and of 
the second magnitude. 

1718. This comet was observed at Berlin by Kirch, from January" 1 8 fo February 5. 
It appcarr‘d to he equal to a star of the fourth or fifth magnitude, with a nebulous 
diameter of 5' or T. 

1723. Discovered at Bombay on October 12, and observed at Lisbon and other 
European stations to the middle of December. It appeared of about the third magni- 
tude, with a very faint tail, not more than 1® in length. 

1729. This comet, which is remaikiblo in the length of its visibility, and the 
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greatness of its distance from the sun and earth, was discovered at Nimes, by P. 
Sarabat, on July 31. It w^as a small nebulous body, scarcely visible to the naked eye. 

1737 . The observations of this comet were made at Paris, Borne, Bologna, Oxford, 
Lisbon, and also in Jamaica and Madras. 

1739 . This comet was observed at Bologna, from May 28 to August 18. 

1742. First comet. Seen at the Cape of Good Hope on February 6 . It was also seen 
in Eui-ope in March, and was visible to the naked eye. The length of the tail was 6“ 
to 8^ 

1743. First comet. This comet was observed at Bologna, Paris, Vienna and 
Berlin. In Berlin, it appears to have been discovered on February 10, by M. Grischon. 

It was a small body. 

1743. Second comet. Observed at Harlem from the 18th of August to the 13th of 
September. This .comet was saall, but was seen, notwithstanding, with the naked 
eye. 

1744. This comet appears to have been discovered nt Harlem on December 9, 1743, 
and was observed to March, 1744, at several observatories. It was one of the finest 
bodies which had occurred since the comet of 1680. In February, M. Cassini noticed 
that the head was divided into two portions. The tail w’as also divided shortly after 
into two branches. 

1747 . Discovered at Lauasaune, by ( hescaiix, on the 13th of August, 1746, and 
observed there to September 22, Ilis observations were then interrupted by illness, ' 
tut it was last seen on the 23rd of November near a star in Capricomus. 

1748. The first comet of this year was discovered at Paris about the latter end of 
April. It was also observed in South America, and in Pekin in China, as \vell ns the 
Koyal Observatory, Greenwich. It appears to have been a fine object, easily seen with 
the naked eye, and having a tail 20" long. This comet was observed nt Paiis by 
Maraldi to the 30th of June. 

1748. The second <*omet of this year was seen at the same lime as the first, but in 
a different part of the heavens. Its nucleus was brighter than the preceding, but there 
was no appearance of tail. The orbit depends on throe approximate observations made 
at Harlem, and is consequently very uncertain. 

1757 . Observed at Greenwich from September 13 to October 18. Tlie orbit of this 
comet is very approximate. 

1768. Discovered in the island of Bourbon on the 26tb of May, and seen in London 
on June 18. Messier first observed the comet on August 15, and continued his 
observations to the 2nd of November. It appears to have been a diffused body, equal in 
diameter to J upiter. 

1769. Halley’s comet, first seen on Christmas day, 1758, by Pazlitcb, near Dresden, 
and on tlie 28th by Dr. Hoffmann. This return is very celebrated in the history of 
astronomy, as being the first predicted appearance of the apparition of a comet. Di. 
Halley roughly estimated that the time c f arriving at its perihelion would be at least 
one year longer than the inteiv^al between the tw'o preceding returns. Clairauf, by a 
laborious calculation of the planetary perturbations, fixed its return on the 13th of 
April, the true time having been determined by Bosenberger, from a minute discussion 
of all the observations, to hpvc taken place on March 12. From the beginning of 1759 
to the middle of February, the comet was regularly observed, till it became plunged in 

1 the solar rays about the latter period. On its reappearance at the end of March, it was 
I again observed to the 17th of April, till its dpdination became too great to permit its 
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observation at European stations. It was observed, however, from the 20th of April to 
the middle of May in southern stations. La Nux, at the Isle of Bourbon, found the 
length of its tail on March 21 to be 8® ; on the 28th of March, 25® ; on May 1, 33^ to 34" ; 
and on the 5th of May, 47®. It afterwards diminished, till on the 14th of May it was 
not more than 19®. It aftorxrards reappeared above the European horizon, and was 
observed in Franco and Portugal to tlio 3rd of J une. 

1759. The second comet of this year is reckoned in the order of its time of perihelion 
passage. It was discovered on the 25th of Januaiy, 1760, in the constellation Leo, 
by the celebrated astronomer Messier, and regularly obsciTcd to the 16th of March. 

1759. The third comet of this year (reckoning, as before, in the order of perihelion 
passage), was discovered on tlu* 1st January 1760, by all tlic astronomers of the French 
Academy, and observed till the 8th of Febmarj*. Its motion was exceedingly rapid, 
being, on the day of its disco veiy, 2® 25' of a great cv-clc in two hours, or at the rate of 
29’ daily. The diameter of the ncbulusily was found to vary from 20" to 30". Its tail 
was about 4® in length. 

1762. This comet was discovered by Klinkenbcrg on the 17th of May, and observed 
by Messier and Maraldi to tlie 2nd of July. Its appearance at the time of its discovery 
•W'aa similar to a star of the fourth or fifth magnitude, with a slight tail. The nitcletia 
was readily visible to the naked eye, but in a telescope was bright and ill-defined. 

1703. I)iscovt red by Messier on September 28, and observed to the 25th of Novem- 
ber. Its appeal unce was that of a nebulous st.’ir. On the 4th of October, its diameter 
was 7' or 8^ Tht* orbit of this comet gave Pingrd considerable trouble. That of Burck- 
hardt i.s founded on fhtpublisbod observations. 

176 A. This comet was also discovered by Messier, and observed by him from 
January 3 to February 11. It was a blight nebulous object, visible to the naked eye, 
W’ith a tail in length. 

1706. Discovcu'd by Messier on the 8th of March, when looking for the supposed 
satellite of Venus, which had created great sensation about this jieriod. It appeared as 
a small nebulosity, with a luminous centre. 

1766. Second comet. This comet appears to have been discovered by Ilelfcn- 
zriclla, of Dillingeii, in Suahia, on the 1st of April. On -April 9, it presented a tail 
from 3’ to 4’, its nucleus being similar to a star of the fourth magnitude. Pingre 
supposed that it would be visible after the perihelion passage, which proved to be tlie 
case ; but not, howi ver, in European latitudes. La Nux observed it in the Isle of 
Bourhon, from Apdl 29 to May 13. 

1769. This remarkable comet was discovered by Messier, on the 8th of August, 
and observed by nearly all the astronomers. La Nux observed it at the Isle of Bourbon, 
from August 26 to September 26. On September 11, he found its tail by measure- 
ment 97® long. Pingre, the same day, measured its length to be 90®. On August 
28, Dr. Maskelyne noticed its tail as 7’ ; Messier as 15’ ; La Nux and Pingre as 19® 
to 20’. On September 9, Dr. Maskelyne estimated its length 43®; Messier as 65® ; 
La Nux upwaida of 60 ; and PingriS as 75®. Tliis comet was also ubserved after its 
periliclion passage, from October 24 to the 1st of December. 

1770. First comet. Me'^sicr discovered this comet on the 14th of Juno, and 
observed it regularly to the 2nd of October. This comet is celebrated for the trouble 
it has Buceesaiveiy given astronomers in the attempts to investigate its orbit. 
Leverrier has recently determined its period to 5 6 years nearly, but it has never 
been observed since the time of its diaoovery. 
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1770. Second comet. This comet appeared in 1771, on the 10th of Jaimary -of 
which year it "a as seen at Paris by Messier, and at Milan by Poscovich. It appears, 
however, to have been discovered by La Nux, at the Isle of Bourbon, on January 9. 

177L Messier discovered this comet on the let of April, and observed it to Juno 19. 

It was also obeervod by Di', Maskolyne, at Grtcnwiqfi, ' from April 14 to May 30. 
Its appearance was similar in brightness to a star of the tbii d magnitude, with a 
train varying in length from I** to S'". The orbit is supposed, with some probability, 
to be hyi)erbolie. 

1772. Comet, — This body, of which there is no doubt as to its identity with 

the comet of Gauibart, or Biela, was discovered by Montague, at Lemoges, on the 8th 
of March. Menaier ohseivcd it on three occasions, on March 27, Marcli 30, and 
April 3. , • I 

1773. Discovered by IMcssici. on the 12th of October, and observed to the 14th of | 

April, 1774. It wa.s with difficulty scin by tbe naked eye. * j 

1774. Montague di?pt>vered Ibis comet on tbe 11th of August, at Lemoges. This 

was a small body, not visible to the naked eye. ^ 

1779. The small comet of this year was discovered by Bode, on January 6, at 
Berlin, and independently by Messier on Janiioiy 18, who obsciv'ed it to the l7th 
of May. 

1780 First comet. This comet was discovered by Messier, on October 20. 

1780. Second Comet. This was discovered by Alontaguc at Lemoges, on October j 

Is. It was also seen by Gibers, on the same day. ! 

1781. First comet. This small comet, w'hich w'as not \isihl#to the naked eye, was 

discovered by Mcebain on the 28th of June. It had no tail. The diameter of tlie i 
nebul >sity did not exceed 3' or 4'. ( 

1781. Second comet, discovered by Mcchain on the Olh of October, and observed to ' 
December 25. On November 9 it w&b visible to tbe naked eye, the nebulosity being 
4' or 5' in diameter, and its tail 3° or 4” in length. 

1783. Discovered by Pigott, at Yoik on November 19, as a small faint body, with - 
difficulty bearing any illumination of ihe telescope. Thcie is littlo doubt as to tbe i 
ellipticity of its orbit, the penod varying from five years and ten ycare, in Burckhardt’.s ; 
two orbits. 

1784. La Nux first observed this comet on the 15th of December, 1783, at the Isle 

of Bourbon. At Paris, in Iho month of January, 178-1, it was visible to the naked eye, 
with a tail from 2^ to 3^ in length. I 

1785. First coniot discovered by Messier and Mcchain on the 7lh of January. It ' 

was invisible to tbe naked eye. | 

1785. Second comet diseovfTed by Mcchain on the llth of March, and observed to 
the 7th of April. On April 4, the nucleus was visible to the naked eye, with a tail 5 ’ 
in length. 

1786. First comet. This is a well -ascertained appearance of Encke’s comet, which j 

was discovered Jby Mcchain on January 17, and only observed on two occasions. | 

1786. Second comet. This body was discovered at Slough on the Ist of August. 

1787. This comet was discovered by Mechain on the 10th of April. It was a small ! 
luminous body, only visible ip a telescope. 

1788. First comet. This comet, which at its first appearance was not visible to the 
unaided vision, was discovered by Messier on November 25. Its brightness increased 
*60 much that it was visible to tbe naked eye on November 30. It appeared with a 
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train 2'* or 3° in length. The last obserration was on December 29| when the comet 
had diminished considcrahly in brightness. 

17B8. Second comet This was discovered by Miss Caroline Herschel onBeoem- 
ber 21. It was a small telescopic body, presenting, at its first appearance, a nebuloaty 
of five or six minutes in dian^-tcr. 

1790. First oomot. Discovered by MissHcrscbel on January 7. This was also n 
nebulous body, only visible by the help of a telescope, and of a diameter equal to about 
five or six minutes of arc. 

1790. Se(‘ond comet. Discovered by Mechain on J anuary 9. It appears to have been 
nearly similar to the preceding, and visible at the same time. 

1790. Third comet This wa.s discovered by Miss Ilerschcl on the 18th of April. 
It was observed by M^ ^sier from the Ist of ]Vj[ay to tlie 29th of June. Its brightness 
on the 17th of May \\ us so groat that it was visible loathe iiiii:ed eye ; the length of the 
I toil varied from T to 4“.* 

I 1792. First comet. Discovered by Miss Ilerschcl on the loth of December, 1791. It 
j was a faint nebulous body. 

! 1792. Second cornet. Discovcicd by the llev, E. Gregory on the evening of Januaiy 

I 8, 1793. It was a dull nebulou'- body, with a faint appearance of tail. 

I 1 795. First conif't. Discovered by Messier or M<?ohain on the 27th of Sept* mber, 

I 1795. Second comet. Discovered by Peray on September 24. Miss Ilerschcl detected 
j it on the 7rh of October, liurckhardt t «;timated its period to be twelve years, w’bich, 

I from a revision of the ('loments by D’jtjrcst, is improbable. The latter astronomar 
makes its period to be ^22 years. 

j 1795. Eueke’fi comet. Discovered by Mis.s Ilerschcl on November 7, and ob8er\xd 
by Dr. Alaekelync, and other astronomers, to the end of the month. It was a round, 
ill-defined body, without a nucleus. • 

1796. This comet was discovered by Olbors on March 31. It was a very faint body, 
and would Ixiar no illumination of the field. 

1797. This comet was discovered by Bouvard on August 14. It was a nebulous 
body from 3' to 5' in diameter. 

1798. Fii'st comet. Discovered by Messier on April 12. 

. 1798. Sec- >iid comet. Discovered by Bouvard on December 6. It was a fai nt body, 

with a slight increase of light in the centre. 

1799. First comet. This body w’as discovered by Mechain on August 7, and 
visible to October. It was very faint when first seen ; but at the end of August it 
was visible to the naked eye, with a tail about r’ in length. 

1799. Second comet. Discovered by Mechain on December 26; it was visible to 
the naked eye at' a star of the fourth or fifth magnitude. It had a tail from 1’ to 5" in 
length. 

1801. Discovered by Eeissig, jun., of Casscl, on June 30, and observed by Messier 
to July 23. It was a small body. 

1802. Discovered by Pons, at Marseilles, on August 2G ; it was not visible to the 
naked eye. 

1804. This comet, which had neither nucleus nor tail, was discovered by Pons on 
March 7. It was seen the last time on the Ist of ApriL 

1805. (1) Encke’s comet. It was visible to the naked eye, and much resembled 
the nebula in Andromeda. It was disco veicd by Thulis, of Marseilles, on October 19« 
One observer mentions its tail as being S'* in length. 
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j 1805. (2) Biela’fi comet. Discovered by Pons, on November 10, as a very faint 
body, the nebulosity scarcely bearing the slightest illumination of the field. 

1806. Discovered by Pons on the lOth of November. The coma was from 6' to 
7' in diameter. 

1807. Discovered by Pons on September 20 ; but it appears to have been first seen 
eight days previously by an Augustine monk in Italy. This was the finest comet that 
had appeared since 1769. On the 30th of September, the nucleus was equal to a star 
of the first magnitude. Olbers, on November 7, noted the division of the tail into two 
branches. 

1808. (II.) Discovered by Pons, in Camelopardalus, on March 25, and observed to 
the 2nd of April. 

1810. Discovered by Pons on the 22nd of August, and observed to October 8. It was 
a faint and small round nebulous body. 

1811. The great comet of this year, which was first discovered by Flangcrgues on 
March 25, and visible to the end of October. This is a most remarkable body. 

1811. The great comet of this year, nMuarkable in several particulars, was disco- 
vered by Flangorguea at Vivieres, on the 26th of March, and observed to August 17th, 
1812 From the laborious investigations of Argclander, its orbit was found to be ellip- 
tical, the period being 3065 years. This comet, in addition to its magnitude and the 
lomarkable duration of its visibility, presented, on September 7, a tail bent olf in two 
branches ; but these branches did not proceed from the comet itself, but were hung 
together at a slight distance from it, and separated from it by a dark inttTval, so that 
they enclosed the comet as a parabola docs its focus. At this period its tail was 5'^ in 
length. On September 20, Bode found the length of the tail to be 10^ On October 
11, the tail was about 13^ long; the diameter of the nebulosity l>cing T 20". Its 
maximum length appears to have occurred in the first week of October, when the tail 
was fnind to be 25® long, and about 6® broad. Sir "W. Hcrschel paid considerable 
attention to the physical appearance of this comet, and the reader is referred to the 
Philosophical Transactions, 1812, for his remarks, which arc too extensive to be given 
here. 

1811 The second comet of this year was discovered by Pons on November 16, and 
observed to the end of January, 1812. It had a well-defined nucleus, with a faint 
surrounding coma. 

1812. This comet was discovered by Pons, on J .dy 20, and observed to the end 
of September. At first it was only visible in a tcle8C('j)e ; but in September it increased 
in brightness, and bad a tail 2’ in length. Professor Ei^ke found its orbit elliptical, 
the period being 70*7 years. 

1813. First comet. This comet was discovered on the 4th of February, by the 
preceding observer ; and its appearance was that of a small confused nebula. 

1813. Second comet. This comet, the eighteenth discovered by Pons, was first 
seen on March 28. It appears to have been visible to the naked eye on April 24th 
and 25th, as a s^tall round nebulosity without tail. 

1815. This comet was telescopic, and was discovered by Olbers, on March 6th, It 
is remarkable as being one whose elliptical orbit is decided ; the periods of revolution, 
by several computers, varying^from 72 year.*i to 77 years. 

1818. First comet. Discovered by Pons, in Cetus, on the 23d of February. It 
was very faint, and has recently been supposed to have been an appearance of the comet 
of Bicla. 
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1816. Second comet. Discovered by Pons, on December 26tb| 1817. It was a 
faint telescopic body. 

1818. (Third comet.) Discovered by Pons, on November 28th, as a small, round, 
and well-defined body. B^ssol, independently, discovered a comet on December 22nd, 
which proved to be the same body, 

1819. The first comet of this year was remarkable in affording to Encko the disco- 
very of its periodic nature, and the identity of it with the comets of 1786, 1795, and 
1805. It was discovered by Pons, on November 26th, 1818, as a small, ill-defined 
nebulosity. The history of this body has been given in the preceding part of this 
section. 

1819. Second comet. This was discovered by Professor Tralles, at Berlin, on July 
1st. It appeared with a well-defined planetary nucleus, and a tail frojgi V to 8^" in 
' length. • 

1819. Third comet. Discovered by Pons, on June 12th. Encke computed its 
orbit, which he found be elliptical, with a period of 2052 days. 

1819. (Fourth comet.) Discovered by Pons, on December 4; and previously at 
Marseilles, by Blanpain, on November 28th. Encke found its orbit elliptical, and its 
period 4 8 years. Clausen was of opinion that it was identical with the comet of 
1743. 

From 1821 to 1851 we can do little more than record the various comets which 
have appeared in our hemisphere, with their dates and the names of their discoverers:— 
1821. Discovered by Pons on January 2S. Santiiii saw it with the naked eye on 
February 19, and estimated its tail to be 2 long. It was observed to May 3.— 1822 (1). 
Gambart discovered this comet on May 12.— 1822 (2). Encke’s comet. Discovered 
at Paramatta by Rumker on June 2 —1822 (3). Discovered by Pons on May 31, 
but not observed much in Europe in consequence of its southerly declination. — 
1822 (4). Discovered by Pons on July 13. On August 21 it was visible to the 
naked eye, and had a tail lj‘ long. — 1623. Discovered by Pons on December 29. San- 
tini found it on January 3. I)e Zach, on January 23, noticed that in addition to the 
usual tail, directed from the sun, it bad another in a contrary direction, varying from 4® 
to 7" in length. — 1824 (l). Discovered by Rumker on July 15. — 1824 (2). Discovered 
by Scheithancr, at Chemitz, on July 23. — 1825 (1). Discovered by Gambart on May 
19, in CassiopC!ja. This comet has some resemblance in its elements with the third 
comet of 1790. — 1825 (2). This small comet was discovered by Pons on the 9th of 
August. — 1825 . 3). Encke’s comet. Discovered by Valz on July 13. — 1825 (4). Dis- 
covered by Pons on July 15. It was visible to the naked eye, and in October presented 
a remarkable appearance in the heavens. — 1826 (1). Gambart or Biela’s comet. Dis- 
covered by Biela on February 27. — 1826 (2). Discovered by Pons on November 6, 1825. 
— 1826 (3). Discovered by Flangergues on March 29,-1826 (4). Discovered by Pong • 
on August 7i and obsonx’d to October. — 1826 (5). Discovered by Pons on October 22. 
It was visible to the naked ey e in December, with a beautiful train. — 1827 (1). Dis- 
covered by Pons on December 26, 1826. — 1827 (2). Discovered by Pona^on June 20.— 
1827 (3). Discovered by Pons on August 2. — 1829. Encke’s comet. Discovered by 
Struve in 1828, October 13. — 1 830 (1). Discovered by Professor D’Abbadie in the Mauri- 
tius ou March 16. It was ahso seen on March 17, during a voyage from Calcutta to 
Boston, as a bright object, with a tail 8® in extent. — 1830 (2). Discovered by Herapath 
on January 7, 1831. It exhibited a tail 2J® long ; the diameter of the nucleus was 
3' or 4’. 
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1832 (1). comet* Discovered by Mossotti, on June 1, at Buenos Ayres, and 

at the Eoyal Observatory, Cape of Good Hope, on the next day. It was only seen oneo 
in Europe, by Professor Harding, on August 21. — 1832 (2). Discovered by Gambait, on 
July 19. — 1832 (3). Gambart’s or Biela’s comet. Discoverq^ at Rome, on August 25. — 
1833. Discovered at Paramatta, by Dumlop, in September. — 1884. Discovered by 
Gambart, on March 8, in Sagittarius. — 1835 (1). Discovered by Boguslnwski, on April 
20. — 1835 (2). Encke’s comet. Discoverod by Bogu8la*a’Bki, on July 30. — 1835 (3). 
Halley’s comet. Discovered by Dumoncbel, at Rome, on August 6. (See the history of 
Ibis comet, at the commencement of the section.) — 1838. Encke’s comet. Discovered 
by Boguslawski, on August 14.— 1840 (1) Discovered by Guile on December 3, 1839. 
1840 (2). Discovered by Guile on January 25. It was very faint, without any appear- 
ance of tail.— 1840 f3). Diseoven'd by Oalle, on March 0. It bad a tail several degrees 
in length. — 1840 (4). Discovcrec^ by Brcniieker, on Octetber 2^. 

1842, Eneke’s comet. Discovered on March 9, by Vulz. — 1842 (2). Discovered 
by Langier on October 28. It was very faint, and without tail. — 1843. The great 
comet of this year is within the reeolleetion of many readers of this work. It was 
seen in South America, on rebrnarj’^ 27, and observed afterwards in Europe to the middle 
of April. This was the finest body since the great comet of 1811. — 1843 (2). Disco- 
.vered by Mauvais, on iMoy 2 —1843 (3). Discovered by Faye, on November 22. Its 
orbit is elliptical, and it was again obFtjrvcd at the Cambridge Observatory in 1850. — 

• ]844 (1). Discovered by De \ieo, on August 22 — 1844 (2). Discovered by Mauvais, on j 

July?. It had a small brilliant nucleus of 3’ in diameter. — 1844 (3), Detected by 1 
Captain Wilmot, at the Cape of Good Hope, on December 19 — 1845 (1). Discovered by i 
D’ Arrest, on December 28, 1844 — 1815 (2\ Discovered by De Vico, on February 25. | 
— 184f (3). Discovered by Collcr, on June 2. It was a beautiful object, visible to the 
naked eye, witliatail 2V in length. — 1845 (4). Encke’s cfunet. Discovered by De Vico, 
at Rome, on July 10. — 1846 (1). Discovered by De Vico, on January 24. — 1846 (2). 
Gambart’s or Bicla’a comfit. Discovered by DeVieo, on November 26, 1845 At this 
appearance, the singular phenomenon of a double comet was scon. — 1846 (3), Disoo- 
yered by Brorsen, on FebruRr^- 26. It.s elements bare some resemblance to the comets 
of 1532 and 1661 —1846 (4). Discovered by De Vico, on February 20. There is no 
doubt as to tbe elliptical oibit of this comet, the period being 73 years. — 1846 (5). Die- 
vered by Hind and De Vico, on July 29 —1846 (6). Disc'^vered by Peters, on June 26. 

— 1846 (7). Discovered l>y Brorsen, on April 30 —18^6 (8). Discovered by De Vico, on 
December 23. — 1847 (1). Discovered by Hind, or. Fcbruaiy 6. — 1847 (2). Discovered 
by Coller, on May 7. — 1847 (3). Discovered by Flrbweizcr, on August 31. — 1847 (4). 
Discovered by Mauvais, on July 4, — 1847 (5). Discovered by Brorsen, on July 20 — 
1847 (6). Discovered by Miss Mitchell, on October 1. — 1848 (1). Discovered by Peter- 
• sen, on August 7. — 1848 (2). Encke’s comet. Discovered by Hind, on Beptomber 13. 
1849 (1). Discovered by Peterson, on October 26, 1848. — 1849 (2). Discovered by Gou- 
jon, on April 15. — 1649 (3). Discovered by Keliwoi^er, on April 11. — 1849 (4), Disco- 
vered by Mr. Jenkins, on November 28, at sea — 1850 (1). DiFcorercd by Petersen, on 
May 1. — 1850 (2). Discovered by Bond, on August 29. 

1851 (1) Faye’s comet. Discovered at the Cambridge Observatory, on November 
28, 1850.-^1851 (2). Discovered by D’ Arrest, on June 28.-1851 (3). Discovered by 
Brorsen, on August 1. — 1851 (4). Discovered by Brorsen, on October 22. 

•' ■ / ’V” • 




LUNAR ECLIPSES. 


ECLIPSES AND OCCULTATIONS. 

The striking phenomena ntk;nding eclipses of the sun and moon, in which, apparently, 
the oouTse of nature is interrupted, and for a time the discs of the sun and full moon 
lose their vonted lustre, and their light is almost extinguished in the mid-heavens, have 
over been a source of curiosity, and occasionally of terror, to mankind, Whilst they 
liave furnished many examples of credulity which have been taken advantage of by 
superior minds, they have sometimes served a nobler purpose ; and tlic biography of 
astronomers is filled with instances in which the accidental occurrence of a solar or lunar 
eclipse hue been the cause of their first directing their attention to the science sub- 
sequently (mriched by their investigations. Eclipses may be defined as a shdrt interrup- 
tion m tlie passage of hgbrf: to the earth, w^hich is cither recd^ as in the case of the inter- 
position of an opaque body between the earth and sun ; or apparent^ as takes place 
when the earth itself passes between the sun and the object previously iliuminctd. The 
! first are termed solar eclipses, and take place at the time of the new moon ; the latter 
j lunar eclipses, and occur at the time of full moon, or when the' earth is interposed [ 

: between the sun and her satellite ; the earth being a body of such dimensions that its | 

I shadow is sufficient to reach to the moon. 1 

j ZiQxiax Sclipcies. — Taking the latter case, or that of a lunar eclix>se, we readily | 

: see by ’Fig, 1 1 1 
the form of the 
shadow cast by 
the earth. The 
I sun, S, scatters 
j its rays in all 

j directions, and i 

! Such as arc directed towards the earth, T, will he interrupted in their onward passage by 
! th(! interposition of this body ; and we perceive that if the rays of light, A B, A' B', pre- 
! serve their straight path they cannot penetrate within the portion B 0 B', or between 
i the summit of the cone A 0 A' and the earth, and that this is the form and dimensions 
! of the shadow cast by the globe T. In order that the moon may be eclipsed, it must be 
placed between the earth T and the summit of the cone 0 ; and the distance of those 
’ two points is easily determined in the following manner : — Draw the line T C parallel . 

I toOA, and in the two similar triangles, 0 TB and T S C, we have the proportion [ 
i S C : T S : : T B : OT. The radius of the earth, T B, being taken for unity, the line j 
S C w’ill be equal to the radius of the s(»lar sphere diminished by the former quantity or 
to 111 radii of the earth. As the mean distance, T S, of the earth and sun arc equal to 
24,000 radii of the earth, wc conclude that the distance 0 T is equal to about 216 ter- 
restrial radii; or, more exactly, that the length of the axis of the shadow is 216,631 
radii of the earth. At the time when the sun is in perigee this w'ill decrease to 212,896 
ludii of the earth, and at the time of apogee to 220,238 radii. A*; the dfstance of the 
moon from the earth never exceeds 64 terrestrial radii, and the least length of the 
shadow is 212 terrestrial radii, it is obvious that the moon must be obscured when the 
earth is situated between it and the sun. The breadth of *1110 shadow of the earth at 
the distance of 108 terrestrial radii will he equal to half the diameter of the earth, and 
considerably greater at the distance of only 60 redii ; hut the exact dimensions of the 
latter point may bo obtained as follows • 
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IHmensiom of the Shadow, — ^ Let M N (Fig. 112) be the surface of the 

4 oelestial sphere^ 

/ \ "X which is here 

^ f * \ supposed to pass 

r. * ' ) through the cen- 

jjn^i ■■1111 ^ \ / moon ; 

>w this surface will 

p. 112 ^ cut the COHO of 

the earth^s sha- 


I dow at M M\ S'ld the angle M T M' is the apparent angle of the shadow which it is 
I required to determine. The half of this angle, or M T 0, is equal to the angle IJ M T, 

I diminished'by the angle MOT; but the former is the parallax of the moon (since M T 
is the distance of* the moon from the earth), and tlic latter is equal to the angle ATS 
(the semi-diameter of the sun) diminished by the angle BAT (the parallax of the sun). 
In order, therefore, to obtain the apparent semi-diameter of the shadow at the distance 
of the centre of the moon, we must add the parallax of the sun to that of the moon, and 
subtract the apparent semi-diameter of the sun. 

As the moon moves over a space about equal to its diameter in an hour, it follows 
that it may bo entirely within the shadow for two hours. The greatest value of the 
uiinensions of the earth’s shadow at the moon may be readily obtained by taking the 
•greatest paiallax of the niuou and the least of the sun ; and as the former is 61' 29'' at 
its maximum, and the sun’s least semi-diameter and corresponding parallax, respectively, 
are 15' 46" and 8" *6, it would follow that the greatest semi-diameter of the eaith’s sha- 
dow at the distance of the moon was 45' 52”. 

The apparent serai-diametors of the shadow for other distances of the sun and moon 


readily calculated, and ar 

e hero annexed 



^ Moon in apogee . . . 

. 37 42 

Sun in perigee . . . 

„ at mean distance . , 

. 41 31 


\ „ in perigee . . . 

. 45 20 


/ Moon in apogee . . . 

37 58 

Sun at mean distance 

1 „ at mean distance . 

. 41 48 


( „ in perigee . . . 

. 45 37 


/ Moon in apogee . . . 

. 38 14 

Sun in apogee . . 

1 „ at mean dn^taucc . 

. 42 3 


( „ in peT-igee , . . 

. 45 52 


Respective Fositions of Moon and Shadow . — Let A C (Fig, 
the ecliptic, and B D the or- AFMh 

bit of the moon, N will bo 

the nodes of this orbit The 
shadow 0 moves along the 

first circle %ith a velocity C ^ 

equal to that of the sun, and 
the moon passes along the . 
second circle with a velocity 

about thirteen times greater, ^ 


113) be the groat circle of 


Fig. 113. 


1 n order that the moon may meet the shadow, it must happen that the centre of the 
shadow is sufficiently near the nodes N at the moment of opposition. By taking into 




FABTIAL ECLIPSES OF THE MOON. 


consideration the above facts — that the apparent diameters of the moon and the earth's 
shadow vary from one epoch to another — and remarking that the distance of the centre 
of the shadow from the node N is precisely equal to the distance of the centre of the 
sun from the opposite node of the moon, we find that if the distance of the centre of 
the sun from the node at tfie^time of full moon is greater than 12^ 3', there cannot be 
an eclipse ; and if the distance is less than 9® 3r, there must certainly be an eclipse. 
Between these two extremes, the cose is doubtful ; but a more exact calculation will 
show whether an eclipse really does occur. 

Partial Eclipses of the Moon. — When the moon is wholly obscured, as wo 
see it can be, the eclipse Is termed total; but when only a poriiou of tiio lunar disc 
enters into the shadow, the eclipse is partial. In the ^ ^ 
latter case, the outline of the earth’s shadow projected 
upon the disc of the fuP moon clearly shows its roynd 
and globular figure, althdhgh the diameter of the conical 
shadow is largo in proportion to that of the moon. The 
accompanying diagram (Fig. 114) gives an idea of the 
relative proportions of the shadow of the earth and the 
disc of the moon at those times, and of the cuivature of 
the circumference of the shadow a b c. But the definition 
of the earth’s shadow is far from being so sharp as is here 
represented, and, like that of the shadow of any other 114. 

opaque body, is edged with a cloudy and iinpcrfcctly-dcfined penumbra, the dimension^ 

of which may be esti- 
mated by the follow- 
ing considerations : — 
Lot the HnosAO’B'C' 
and A' O' B C bo 
drawn (Fig. 115), an- 
other cone, A O' A', 
having its summit O' 

between the eun and the cnith, is formed, and enveloping the sun and the earth in its' 
opposite parts A O' A', B O' B'. It is clearly seen that all the part situated within 
the space C B B' G', and without the real shadow B 0 B', would onh^ receive a portion 
of the rays of the sun coming from the part of the hemisphere turned towards it, tho 
other part being idd by the earth ; and that the portion of the sun which is visible is 
greater according as this is nearer to the exterior surface of the space G B B' C', and, on 
the contrary, smaller as it is nearer to the real shadow of the earth, or B 0 B'. Tho 
consequence would be, that as the moon passed into the part C B B' C' before meeting 
with the real shadow, it would insensibly lose a portion of its light, and its lustre 
would become gradually less intense as it approached the real shadow. As, however, 
the breadth of the penumbra is equal to the angle 0 B C = A B A', or the diameter of 
the sun as seen from the earth ; and as the apparent diameters of the^moon and sun 
are nearly equal, it follows that the whole disc of the moon may be within the penumbra 
C B 0. When ant/ part of the disc of the moon is obscured by the real shadow, it fol- 
lows that the whole of its surface is more or less hidden by the penumbra. Tho insensible 
melting away of the real sliadowinto the penumbra is noticed at every lunar eclipse, but 
it is im^Ibssible to tell precisely where the penumbra ends and the shadow begins. 

Effect of the Atmosphere of the Earth.— Hitherto we have supposed the 
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EFFECT OF THE ATMOSTHERE OF THE EARTH. 


rays proceeding from the sun to pass in straight lines until Idioy meet the lunar disc, 
but this is not the case ; for those which pass through the earth’s atmosphere are 
subject to refraction, and change their direction in the manner already explained in 
the case of a star. This will be more apparent when we consider the direction of the 
ray S A (Fig. 11 G), which traverses the atmosphere of the earth, and passes beyond it. 

The direction which it 
takes previous to entering 
the atmosphere of the 
earth makes an angle of 
with its direction when 
it arrives at that point; 
and after passing through 
it, it is still further de- 
flected from its original 
course, and by the same 
is altogether deflected more 
thn a and that the solar rays will meet befun' arriving at the point 0 ; and, 

imtoad oC'Ae rays A Baosid A' B'' taking a straight direction, they will be deflected to 
the paist I> (FSg^ wiiieh is considerably nearer the earth than the point 0,. Thus 
it win only be the 
inner cone B 1) B, 
which is the real 
cone of the sha- 
dow ; the remain- 
ing parts of the 
inathematical cone 

B 0 B' will be traversed by the solar rays, which arc bent from their primitive 
direction by the action of the terrestrial atmosphere. The distance of the point D 
from the centre « f the earth can be calculated as in the former case, and it has been 
found that its average distance is forty-two terrestrial radii ; and we conclude from 
""this, that as the moon’s mecii distance is equal to sixty-four radii of the earth, it can 
never be inclosed within the real shadow of the earth B D B', hut at the time of total 
eclipse it falls within that part of the shadow where the rays refracted by the atmos- 
phere penetrate. This is the cause that when the moon is wholly eclipsed it still 
shines with a reddish light, being illumined by the faint rays refracted by the earth’s 
atmosphere. This, however, is not the sole effect of tl;e atmosphere, for tho apparent 
diameter of tho earth’s shadow has been found by obacrvaticii to be greater than might 
be expected from tlie preceding investigation ; and it has been accounted for, by 
supposing that the solar rays do not really touch the surface of the earth, but that the 
lower strata of the air absorbs those which approach its margin ; and if such be the case, 
the diameter of tho globe of the earth, and its shadow would accordingly be greater. 

’The condition of the atmosphere througli which the rays of the sun pass, produces 
considerable changes in the appearance of the lunar^disc at the times of total eclipse. 
In ordinary oases, as before mentioned, the colour of the moon is of a red or coppery 
tint, similar to that frequentjy assumed by the setting sun, and produced by the same 
causes, viz., an absorption of the blue rays of light w^hen passing through great depths 
of the atmosphere. If that portion of the atmosphere is in addition charged with cloud 
and dense vapours, the whole of the elementary rays will be stopped in their passage 



Fig. 117. 



Hg. 110. 

aiMBtaaMme The eoBtcnucnce of thi^ will be, that it 
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to the lunar surface, and several instances are on record in which Ih^ disc of the moon 
was completely invisible at the time of total eclipse. In the eclipses of 1601 and of 
June, 1C20, this was the case, although the air was sufficiently clear to allow the light 
of stars of the dfth magnitude to bo distinguishable ; and, in a similar xnannJI^ the moon 
could not he perceived (oved with the aid of a telescope) during the eclipse of April, 
1642, although the sky was equally as clear as in the former case. When, however, the 
sky is clear at those portions of tlie earth’s surface through which the solar rays pass, 
the red rays aro transmitted in great number, and the lustre of the lunar surface is but 
slightly dimmed in consequence. Such was the case with the eclipse of the moon 
which happened in Mai’cb, 1848, when tlie lunar disc was almost as apparent as on 
ordinary dull nights, and when many persona who were observing it could scarcely be 
persuaded that it was really eclipsed. The dayk spots and bright places were as well 
seen on its surface as if viewed through thin cloud oi^ vapour ; and one observer, wbv) 
had witnessed lunar eclipses for more than sixty years, never reDiOmbered one in which 
the illumination was so strong — appearing like tlie glowing ln'at of fire from the fur- 
nace, and tinged wiib a deep r(d. Sometimes the moon becomes invisible during the 
progress of its immeisiun in the shadow, as T»as the case with that obstrved by War- 
gentin, in 1761, when ihe moon was very bright lor ten minutes after its total immer- 
sion, but for an hour afterwards became .so coniplelely invisible that not the'slightest 
trace of it could be dctoctCMl, either with the nak(‘d eye or telescope, although the sky 
was clear and stars in the immediate viciuity of tlic moon appeared bright and distinct. 
Til other cases, the region of the ntmospher *, through which the rays have passed, have 
been clear at some parts and obscured at others ; and the consequence has been that whilst 
the lunar disc appeared cleur and bright in some portions, it was very dark at others. 
Kepler states that, during the total ellipse ol August, ld98, one half of the moon 
appeared so bright tliat it seemed doubtful if it was eclipsed at all, whilst the other was 
seen witli the iitniust difficulty. A sinular variegated appearance Avas presented by the 
lunar disc in October, 1837. Sir W llerschel perceived many blight spots on the 
occasion of a total eclipse, and was induced to believe that they wore vuleanoeain action. 
Such an appearance, however, it will plainly bo seen, may be supposed duo to the vaiious 
rortective qualities of the surface of tlie moon, and that the bright spots noticicd by lier-* 
sehcl M ere only the bright mountainous districts illuminated by the red light of the sun. 

Prediction, Buzation, and Magnitude of a Bunaz Sclipee — If the moon 
did not depart from the plane of the ecliptic, there would be a lunar eclipse at each full 
moon and a solar one at new moon ; but as it is sonietimefi above and aometimes below 
plane, an eclipse can only take place when it approaches the nodes of its orbit. It 
was known to tlie ancients that at certaiu intervals the new and full moon returned 
again on the same day of tlie month, and they had observed that at the end of eighteen 
years eleven days, or a period of 223 lunations, there was a return of the same eclipses, 
and were thus enabled to foretell them with cousiderable, but not with perfect accuracy ; for 
the exact recurrence, if it took place, would depend upon the return of the sun’s place, tho 
moon's place, the position of the moon’s apogee, and that of the ascending qpdeof themoon 
to exactly the same situation. T|^s exact return cannot happen, but is sufficiently ap- 
proximate to foretell eclipses with a remarkable degree of accuracy; and Dr. Halley 
found that if the period of 18 years 10 days 7 hours 43ij| minutes wore added to the middle 
of the time of any eclipse, tho return of tho eoiTespom/ing one might be predicted 
within bh. 30m If only four leap years occur in the interval, the period would be 
enlarged to 18y. lid, 7h. 43 Jm, It may, however, happen tliat M'hcn the eclipse is 
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rery slight, or an ^ppuln occurs, that at the succeeding period of 18y. lid. it will not 
be observed. Since the position of the heavenly bodlea^nt any epoch, as well as the 
laws whici||^ovem their motion, are at present equally well known, the eclipses of the 
sun and m^n are now rigorously calculated, although, to save time and trouble, the 
above period of 18y. lid. (the period of 52 ly. 3h. 3m. jyould bo still more exact) is 
still made use of. The Nautical Almanac " contains the exact positions of the sun 
and moon in relation to the earth at any given time, and it is from these data that we 
shall determino the beginning and end of an eclipse at any given time. 

In order to cdleulate an 
eclipse of the moon, the fol- 

^ lowing data are necessaiy, 

^ '1 manner in whi^ 

I they are used will bo seen 

by the diagram (Fig. 118) 
\ and explanation. Suppose 

the moon’s place at opposi- 
) tion to be at 5, the centre of 
the earth’s shadow being at 
Ijg o at the same time, the latter 

passing through the space | 

T the path of the ecliptic, whilst the moon’s centre describes the lineL 5, the path of 
the moon’s motion (which may be regarded as straight lines, as well as those of L e^ab) : 

Let m == moon’s hoi^ry motion in longitude, 
n = moon’s horary motion in latitude. 

8 = puu’s horary motion in longitude. 

A = moon’s latitude when in opposition at h, 
t time taken by moon to pass from L to b. 
d = distance from T to L. 

The moon's motion in longitude will be a c in the interval it takes to pass from L 

tob=zfn t. Its motion in latitude, during the same time, or L r — a b z:zn t. The 

sun’s motion in longitude, or the distance T a =2 s t in tlic same manner. Then 
L<? = fl5+«i = A + «/ and T<r = a<?— T<<. = f«f — it 

= L T^ = L 4“ "H w /)• -f- ^ ^ 0"’ 

Expanding this expression, we obtain a quadratic equation of which i is the unknown 
quantity (the others being derived from the above data), and V'ill depend on the value 
given to d. Such values may be given to ef as correspond to the phases of^lie eelij se, 
the interval between the lime of opposition and the occun once of the phases will thus 
readily be obtained, the time of oppositwt being known from the position of the sun and 
moon as given by the tables. Arranging tliem we obtain 

— A' = [{m ^ s)- ^ + 2 f A n. 

Substituting tan® 0 = obtain, instead of the above, 

fj® + 2 A » sin- $ t = (d"^ — A®) sin- $ ; completing the quadratic, 
n® fi A»sin® a ^ + A® sin^ a = (rf® — A®) sin® 0 -f A® sin* 0 
^ = sin'- a (if* — A®) (1 — sin* 0 . 

= sin® a (if® “ A® cos® a). 

f = ? (— A sin® a + sin a v ~ A- cos® a. 

If 
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And firom this expression the values of the times for any values of <f mi^ be obtained. 
For the determination of the timei at which the moon immergea into the earth's 
penumbra^ d =s: moon’s horisontal parallax *4* sun’s borisontal parallax the sun’s 

semi-diameter + moon’s semi-diameter = P -|- i ; the Ars^alue of t 

giving the instant of immersion, the second that of emersion. At the time of imuier* 
sion in the umbra rf = P 5 At the period when the whole disc has 

entered the shadow d = sum of the parallaxes — sum of the semi-diameters, or 
F + p — - — g. The time at which the middle of the eclipse occurs (or the greatnt 


pham) is when the two values of f equsl, or when d* — A* cos® F 0, and t =: 
^ In this case the distance d = A cos d. Wheh the latter term is known, the 

magnitude of the eclipse may he determined. Some part must be eclipsed when A cos 0 

is less than the distance P + p + “ — -, as the latter quantity shows when the moon's 

2 Jb 


limb just touches the shadow, and the portion of diameter eclipsed is ^P -}-p 
— A cos S. The portion of the diameter of the moon which is not eclipsed will, there- 
fore, beAco6fl+^+ - — P — p. The eclipse will be exactly total when this is. 


nothing, and will be more than total when it is negative. The part eclipsed may be 
expressed either in digits or twelfths of the lunar diameter (5), or in decimal parts, the 
moon being taken for unity. 

Example.’^ Partial eclipse of the moon, April 20, 18*56. 

By the tables of the sun and moon, the time of opposition is st 9h. I3m.*6 morning, 
Greenwich mean time. 


Moon’s latitude at time of opposition A = 33 18 
„ horary motion in latitude . ft =: 2 46 lat. increasing. 
,, horary motion in longitude m = 30 8 
Sun’s horary motion in longitude . s =: 2 27 
Moon’s apparent diameter . . 8 z=: 29 44 

„ horuoutal parallax . . . P = 84 33 

Sun’s apparent diameter . . . . D = 31 52 

„ horizontal parallax 9 


Tan6 = - — = + 
m — 9 


166” 

1661 


6 = + 5^ 43' 10". 


The middle of the eclipse, or 


A Sin‘ e 1998 ^ • 4 /CO 4 Of 1Arf\ 

— = X sin® (6® 43’ 10 ) = — 7m. *16, 

n 166 ' » 

♦ 

Therefore the middle of the eclipse will occur at 9h. Cm. *4 moBAing, reckoning 
from opposition. The times at which it entered the shadow and emerged from it are 
calculated by finding the value of d at those times : — ' 

~ -^p-|-P=;53' 38", and adding the one«sixtieth part of ^P + p •— 
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for the effect of the earth’s atmosphere^ d 54’ 17". Introducing this value intq, the 

exp^on — yre obtaiu for the two values of ( : 

^ « n 

W m. h. n. h. m. 

End of eclipse = 7*16 4 - 1 32*68 = 1 '39’S4 
Beginn^ • =7*16 — 1 32*68 =;'l 26*5*2 
The commencement of the eclipse accordingly took place at 7 h. 33m.*8 morning, and 
the end at 16h. 39 sl morning. The distance of the centres correspondiDg to the middle 

of the eolipBOi or A cos 5 = 33' 8 " ; and the eclipsed part, or ^ P — \ cos 


0 = 21' 9", (allow'ing for the effect of atmosphere), or the magnitude of the eclipse, 
reckoning the moon’s diameter at 1 = 0*71, 

In order to determine the time at which the moon enters the penumbra, we assume, 

D 5 * '• 

o "^ 0 “ 86'9''*8, whence the two values of t arc 2h. 44m.*32 and 
2 i 


2h. 58m.*64, which applied to the time of opposition, 9h. 13m. *6, gives the time of com- 
mencement at 6 h. 15m. *0 a.m., and the time of ending at llh. 57m. *9 a.m. 

Onphical ConatructiQn of % IiiaaiM Bolipae. — Instead of calculating the 
various phases of a lunar eclipse, they may be obtained by the following graphical 
process, applied to the eclipse of November 13 and 14, 1845. 

At Paris mean noon of November 13, the longitude of the sun exceeded that of the 
Taoonby 186" 20 ' 7"’4. On the 14th, at the same hour, it exceeded it by 174“ 46' 8 "* 6 . 
Finding, by interpolation, the instant at which the difference of longitudes was exactly 
180”, or the moment at which the moon was in opposition, we obtain, November 14, 
at Ih. 4m. 20 s. *9 morning. At this time the parallax of the moon was 55' 39 " *6 ,* that 
of the sun, 8"*7 ; the semi-diameter of the moon, 16' 10 "* 1 ; and that of the sun 16' r 2 "* 3 ; 
whence, as before, we conclude that the semi-diameter of the shadow of the earth was 
39' 36", or increasing it by ^ = 2415"*6. In addition to this, we find that at Oh. 30m. 
on the morning of the 14th, the longitude of the sun exceeded that of the moon by 
180® 16' 33"’ 7 ; and that the latitude of the moon was 0 ® 25' 67"*6 S. At Ih. 30m. of the 
same morning, the excess of the longitude of the sun was 179“ 47' 37"*7, and the lati- 
tude of the moon 0 ° 28' 6r'*5 S. Let the circle A B C D (Fig. 119) represent the dimen- 
sions of the shadow of the earth at the distance of the moor (scmld. = 0 A = 2415"*6), 
let E E' be the ecliptic. 

At Oh. 30m. of the morning of the 14th, the longiti^de of the sun surpassed that of the 
moon by 180“ 16' 33"*7, the longitude of the centre, 0, of the shadow, therefore, only 
exceeded that of the moon by 993" *7. According to the scale adopted, set down 0 F = 
993"*7. Make F G perpendicular to E E', and mark off F G = 25' 57"‘6, which is the 
latitude of the moon at the time, and G is the position of the centre of the moon at Oh. 30m. 
morning. In the same manner, take 0 H = 12 ' 22''-3, or 742"*3, and H K = 28' 51"*5. 
or 1731"*5 ; and K will be the position of the centre of the moon at Ih. 30m. morning. 
Draw a right line, M M', through the points G and K, this line will represent the path 
of the moon during the eclipse in reference to the shadow of the earth. The point N is 
the position of tlmmoon at the moment of opposition, or at Ih. 4 m. 208.‘9 mom. 

With a radius equal to the sum of the radii of the shadow and of the moon, or, 
3325" *7 describe a circle with the centre 0. The circumference will cut the line M M' 
at two points, L L' ; and it is plain that, if uuth those two points as cencres, we 
describe two lesser circles with the radius of the moon, or 9 10"* I, these two circles will 
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too^h the oiroumferenoe of the shadow A B C D, and represent the position of the moon 
at the beginning and end of the eclipse. If, tnoreoyer, the perpendicular, F 0^ is raised 



on MM', the point F represents the position of the centre of the moon at the middle of 
the eclipse. 

As the moon employs an hour in passing from G to K, we may, by proportion, deter- 
mine the time it takes in passing from N to F (if we make the figure large enough) ; and 
we thus find that it takes 6m. 418. in going through this distance, or 5m. 41s. before 
the opposition, or it is at Oh. 58m. 40s. that the middle of the eclipse happens. In the same 
manner, wo find that the moon should be Ih. 39m. 198. in passhag ftom F to and 
it is therefore at llh. 29m. 218. of the evening of November 13 that the eclipse Com- 
mences, and at 2h. 38m. of the morning of the 14th that it ends. The maffttOude of 
the eclipse is found, likewise, by this graphical construction, and in this case we peroeiTe 
that it is partial, since at the moment when the centre of the moon is nearest the centre 
of the shadow, a portion of its disc lies toithout the latter circle. If we draw the diameter 
Q S, directed towards the point 0, and we take the proportion of this diameter S B, which 
is in the shadow, and the diameter itself, we find the magnitude* In the present case 
this amounts to 0*92, the diameter being 1*00. Should the diameter Q S be within 
the circle of the shadow, or the eclipse be total, the various phases, it igiU be seen, can 
be measured off with equal facility, as in the instance here given. 

Instead of making use of latitudes and longitudes, the right asoentions and deblinn- 
tions of the sun and moon may be employed, as in the following examjde of the total 
eclipse of October 24, 1855 (Loomis Ast.). The Greenwich time of opposition in right 
ascension is 19h.‘ l7m. 55s. *6, or'the Washington time = 14h. 10m. 29s. *fi, four which 
time the “ Nautical Almanac" furnishes the following data : — 
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Declination of moon s= 11 42 24 

Declination of Bun = 11 56 48' 

Moon’s horizontal paraKax (lat. 45°) = 59 39 

Sun’s horizontal parallax ... = " 8' 

Moon’s semi-diameter = **16 18 

Sun’s „ „ .....= 16 7 

Moon’s hourly motion in R. A. = 33 22 

Sun s )| yi . . = 2 23 

Moon’s hourly motion in declination = 15 40* 

Sun’s „ „ „ = 0 52 

The aemi-diameter of the earth’s shadow* or C B = 59’ 39"-0 



Fig. 120. 


3 north. 

0 south 

-0 
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8 

*9 

•I 
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1 north. 

0 south. 

+ 8”-6— 16’ 7’'-9 = 
43' 39”-7* to which 
adding one-six- 
tioth for refrac- 
tion, C B = 44'' 
23"' 4, and the dis- 
tanceof tho moon’s 
centre, or C E = 
60’ 42’'‘2. The 
hourly motion of 
the moon from the 
6un in right ascen- 
sion is 30’ 58"‘6, 
and this reduced 
to tho arc of a 
great circle by 
multiplying it by 
tho cosine of the 
moon's declina- 
tion =1819"-9. 


From the centre C with the radius C B describe the circle A R B, or the shadow of 
the earth. Draw the line A C B to represent a parallel to the equator, and make C G 
perpendicular to it equal to 14' 23"'7, or the sun’s declination minus the moon’s decli- 
nation, the point G being taken below C as the centre of the moon is south of the 
centre of the earth’s shadow. Make C 0 = 1819'''9 and C P to tho hourly motion of 
the moon in declination minus hourly motion of the sun in declination; or 14' 48" '1, 
the point F being placed above C as the moon was moving northward. Join OP and 
draw parallel to it through G the lino N G H, which represents the path of the moon, 
and on N H let fall the perpeudiculai C E. At 14h. 10m. 29s. 6 the moon was at G. 
To fi nd its position at 14h. we make the proportion : — As GOm. : 10m. 29s.*6 : : 0 P ' G X, 
The position o^the moon’s centre at I4h. is set at X, and its position at 16h., 15h., &c., 
may be laid dawn in the same manner by adding the distance 0 P. Subdividing those 
into sixty partar^the beginning, end, and middle of the eclipse will be ascertained, 
answering to the times when the moon’s centre is at E, H, and K. 

The calculation of the ellipse may be performed accurately as follows : — In tho 
right-angled triangle OOP we have C 0 = 1819"'9 and C P = 888".'.l, then 
C P : K ; : C 0 : tan C P 0. 
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C 0 = 18ie"-9 = 3-260047fi 
888"-l = 2-9484619 

C P 0 = 63* 69' 16" =: 0-3116856 log. tin. ♦ 
8inCPO:9;:CO:OP. 

0 0 = 3-2609476 
Sin C F 0 = 9-9636160 

0 P = 2026" 0 = 3-3064826 

The angle C P 0 = angle C 6 K, O K and 0 P being parallel. The angle COE 
= 116° 0' 44"; the side C G =z 863*7; and the line C E = 3642"'2. The angles 
G E G and the side E G of the triangle C E G are found thus ; — 

C E : sin C G E : : C*G : sin C E G. 

• Comp. C E = 6*4386362 
Sin 0 G E = 9-9636166 
G G =: 2*9363629 

C E G = 12° 18"18" Sin 9*3286141 

Therefore the angle E C G = 61° 40' 68". ‘ ^ 

Sin CGE:G£::sinEOG:EG. 

Comp, sin C G E = 0 0463860 

C E = 3*5613.638 , 

Sin E 0 G as: 9*8946428 

% 

E 0 = 3179"*7 s= 3*5023916 
To Determine tf^e Time of Deecribing EG,* 

AsO P : Ih. , : EG (= 3l798.*7) : Ih. 34m. 128. *8^ which, subtracted from the time 
of apposition in right ascension, or 19b. 17m. 66 b.' 6, (Greenwich time) gives the time 
of the beginning of the eclipse, or first contact with shadow, at 17h. 43m. 42s.‘8. 
The middle of the eclipse is found by the triangle G G K similar to C P 0, in which 
the angles and hypothenuse are given to find C K and E G. 

R : C G : : sin C G K ; C K : ; cos C G K : G K. 

Sin C G K s= 9*9536150 Cos C G K = 9*6420319 

C G =s 2*9363629 C G = 2*9363629 

C K = 776"*2 = 2*8899779 G K = 378"*8 ss 2*5783948 

To Determine the Time of Describing G K. 

2025" : Ih. : : 378"*8 : 6738. *4 ss Hm. 13 b.* 4, which, added to the Greenwich 
mean time of opposition, gives 19h. 29m. 98. for the middle of the eclipse. The 
duration of the eclipse -will consequently be 3h. 39m. 62 b.* 4, and the end 21h. 14m. 
35s.'2 Greenwich mean time. The magnitude of the eclipse is found by subtracting 
C K = 12' 56"*2 from C R = 44' 23"'4, whence K R = 31' 27"*2 ; which adding 
the moon's semi-diameter we obtain R I = 47' 46"'0. Dividing this by the moon’s 
diameter, or 32' 37"'6 the magnitude of the eclipse = 1 *464 on the fltffthem limb. 

The beginning and end of total darkness is found as fallows : — 'W'’ith the radius of 
the earth's shadow, or C B diminished by tbe moen^s semi-diameter,, or 44' 23"*4 ^ 
16' 18" *B = 28' 4"*6, or 1684"*6, describe a circle about the centre C cutting LE in the 
points S and T, which will represent the j>oints of beginning and end of total daricness. 
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In the triangle COS, 0 0 = 863'7, C S = 1684*6, and the angle C 0 S = 
116® 0' 44''. Hence C S : aiaC O S : : C 0 : sin C S 0. 

, Comp. 0 S = 6*7735032 

Sin C 08= 2*9536150 , 

C G = 2*9363629 . 

C S G =B 27® 26' 12". Sin = 9*6634811 
And the angle S C 0 = 36® 33' 4". 

Sin C 0 S : C S : : sin S C 0 : S 0. 

Comp, am 0 0 S = 0*0463850 
C S = 3*2264968 
Sin S C G = 9*7749107 


GS = 1116-3 = 3*0477925 
To Determine the Time of Describing G S. 

2025*0 : Ih. : : 1116*3 : 1984*6 = 33m. 4 b.* 6, which being subtracted from 19b. 
17m. 558.*6, giyes 18h. 44m. 51a. for the time of disappearance or beginning of total 
darkness. The duration of total darkness is therefore Ih. 28m. 36s.» and the time of 
the end of total darkness or re-appearance ss 20b. 13m. 27m., the middle of the eclipse 
occurring at 19h. 29m. 9s. 

The semi -diameter of the penumbra is equal to the semi-diameter of the shadow -4- 
tne sun's diameter, or 44' 23''*4 32 15-8 = 76' 39"*2. Let the circle ARB repre- 
sent, in this case, the limits of the penumbra, then C E = 76' 39"*2 16' 18"*8 = 

92'58"*0. In the triangle C G E, the angle C G E = 116° 0' 44". C 0 = 863*7 and 
C E = 5678"*0. 

C E ; Sin C G E : : C G : sin C E G. 

Comp, log C£ = 6-2535215 
Sin C G E = 9*9536150 
C G = 2 9363629 


C E G = 7° 59' 56" Sin = 9*1434994 
And angle E G G = 55° 59' 20". 

Sin C G E : C E ; : sin E C G : E G 
Comp, sin C G E = 0’04638o0 
C E = 3-7464785 
Sin E C G = 9-9185174 

EG=15144"*9 = 3-7113809 

As 2025 : Ih. : : 6144*9 : 2h. 32m. 2 Gb.* 5, which gives the time of describing E G. 
This subtracted from 19h. I7ni. 66s. *6, gives lOh. 46m. 29s,*l for ihotime of first con- 
tact with the penumbra, and the whole duration being 6h. 27m. 19s. *8, we get the time 
of ending 22h. 12m. 48 b. * 9 for the last contact with the penumbra. 

An eclipse of the moon oan onl^ be seen at those parts of the earth where the moon 
is above the horiaon, as well as the shadow of the earth, or at least a portion of this 
shadow. As thiiTSm only take place when the sun is below the horizon, it is only 
, during the xiight that eclipses of the moon are -visible. It may happen, however, 
that eclipse may be seen for a few moments before the setting of tbe sun, or after 
its rising, ^ia is due to the refraction of tho atmosphere, which, when the sun is 
altogether below the horizon, as well as that part of the moon which is eclipsed, ele- 
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yatea both objects aboye the horison, and an nbaerver at A (Fig. 121} be able to 
aee the sun at one aide, and the eclipsed moon on the other. 



SelipsM of the Snn.— Whilst eclipses of the moon follow from the intcrpoai^n 
of the earth, and preyent the light of the sun from reaching to and illuminating the 
surface of our satellite in the usual manner, eclipses of the sun are due to the con- 
trary cause, being the shadow of the moon facing on certain parts of the earth (passing 
oyer it like the shadow of a elcnd), and hiding ^e disc the sun at those districts. The 
dimensions of the shadoV at the surface of the earth may be found in the same manner 
as in the former case, and an idea of the different kinds of solar edipses may be gathered 
from the following diagrams. Let L be the position of the moon (Fig, 122) situated 


A 



exactly in a line with the sun S and the earth T, and at a distance L which oorre^onds 
to the distant e of the sun and moon at the time. The smalleet distance of the oen^ee of 



the earth and noon being equal to 55,947 semi-diameters of tho former body, and the 
greatest yalue of the shadow 0 L (calculated in the manner already mentioned) being 
59'73 semi-diameters of the earth, it would follow that, under those circumstances, the 
shadow of the moon would extend beyond the centre of tho earth, and consequently 
that at that region of the earth where the shadow would fall (as at a 3 Fig. 123) tbc 
eclipse would be total-^the moon completely obscuring the sun's disc. On the con- 



trary, if we take the greatest distance of the » arth and moon, which is equal to 63,802 
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radii of the lomer body, and the value of t}ie length of the ihadoir, which if 

found to be 67*76 radii, the summit of the cone of shadow does not reach to the earth 
(Fig. 124) ; and, when this is the case, the eclipse cannot be total for any part of the 
earth — on ali that hemisphere turned towards ^e snn, we perceive a portion, though 
not the whole of its disc. There is, however, a peculiai^y to be noted, which is, that if 
we pn^ng the cone of the shadow of the moon beyond the summit 0, the base of the 
sectmd eone formed will be Bttuated on the portion of the surface of the earth e d, and 
for an this part the eclipse will appear annuiar — •*. s., the moon will appear {Mrojected 
npcm the disc of the sun at all those parts of the earth, and the exterior portion of the disc 
of the sun will consequently appear under the form of a luminous ring. When the 
moon is placed between the sun and the earth, the eclipse will be either total or annular 
for certain parts of the earth, according ns the distances of the sun and moon are more 
or less great. This is also apparent from considering the respedtzve dimensions of the 
discs of the sun and moon at different periods. The apparent diameter of the moon, as 
seen from the surface of the earth, may increase to 34' 6", Whilst the diameter of the 
sun may decrease to 31' 31", and if an eclipse takes place under those circumstances, 
It must be total. As the diameter of the moon on other occasions may decrease to 
29' 22", whilst that of the sun can attain its maximum value of 32' it will follow 
that when an eclipse happens under such etrmmiBtances, that it must he annular, and 
that for a few moments, at such parts of the earth at axe exactly in a line with the 
centres of the sun mid moon, the moon will be seen pro- 
jected upon the sun, the exterior parts of the sun will con- 
tinue visible and shine with their usual brilliancy (Fig. 
125). At the ports of the earth adjoining those which are 
exactly in a line with the centres of the stin and moon, the 
eclipse cannot be total or annular, as only a portion of the 
moon can be projected on the disc of the sun. This will 
be apparent from Fig. 122, in which it is easy to perceive 
that at all thoscjjpoints situated to the interior of the cone 
^ ^ comprised within the real shadow B 0 B', 

a similar appearance will be produced as in tbe case of the 
penumbra of the earth's shadow on the lunar disc during an eclipse of the moon. 
From any such point we should consequently perceive 
the circular disc of the moon intercepting a portion 
of the surface of the sun (as in Fig. 126), and tbo 
nearer the observer is situated to the real cone of 
shadow B 0 S', or the further he is distant from the 
surface of the cone C 0' C', the greater will be the 
portion of the solar surface covered by the moon. We 
have ssen, in tbe case of lunar eclipses, that tbe 
whole disc of the moon can be bid by tbe shadow of 
the earth, but tbe moon's shadow only covers an area 
whose diameter IS 180 English miles at the greatest, 
but the penumhiffirfiay reach to nearly 6,000 miles in 
diameter. 

The dimensions of the lun'hr shadow here mentioned at the surface of the earth are 
calculated in the i^ame manner as that of tbe earth's shadow. We have already seen 
that the semi-diameter of the latter was equal to the parallax of the sun added to that 
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of the moon, and from which the apparent eemi-diameter of the atm was aubtracted ; In 
the same way the aemirdiameter of the moon*a ahadow at the earth ia equal to the 
parallax of the earth added to the parallax of the aim at the diatance of the moon, froBi 
which sum we subtract the apparent semi»diameter of the sun aa seen fry * the moon. 
The latter quantity is found by increasing the aemi-diameter as seen from the earth, in 
the proportion of the distance) of the moon and earth from the ann at those times, or the 
apparent aemi-diameter of the sun seen ^m the moon, = apparent aemi^^liameter 

of the sun (^) aa seen from the earth ^ ^ ^ing the distance of the earth from the aun, 


and A the diatance of the moon from the sun. The son’s horizontal parallax at the moon 
ia equal to the aun’s horizental parallax at the earth, inereaaed by the ratio of the dis- 
tances and diminiahed by the, ratio of the diameters of the aun and earth ; or the aun’s 
horizontal parallax at the moon s= sun's horizontal parallax on the earth (p) X 
r K 


E 


X Ty ^ being tbe mocn’a true aemi-diameter, and E the earth’s true aemi-diameter. 


Subatituting those values in the preceding expresaion, the aemi-diameter of the moon’s 
8 0 E. r E 

shadow will be ^ — 2 ^ ^ ‘ E ‘ T * parallaxes of the aun and moon 


may be used instead of the ratio of their diatanees in this expression, aa|d bm pisz 

and P = gnrXt consequently • As ^ =s 2 ^» *dso find j + 

r E 8 P 

/) = — 1 ^- — ; and the apparent semi-diameter of the moon’s diadow 

8 — D P * 

^ ^ . We perceivo from this that when the moon’s diameter is equal 


— 2 


¥-p- 


to that of the sun, the apparent diameter of the moon’s shadow is nothing, ot the apex 
of tbe cone just reaches to tlie earth. When the moon’s diameter is less than that of 
the sun, the expression is negative, and the shadow cannot reach the earth’s sur^e. 
The formulss for the dimensions of the penumbra may be adapted to the moon’s shadow' 
in a similar manner. If the apparent semi-diameter of the earth, or the moon’s hori- 
zontal parallax, be added to the apparent semi-diameter of the shadow, the distance of 
the centres of the moon’s shadow and the centre of the earth is found ; and the limits 
of the distance of the moon from her nodes when an eclipse can happen will readily 
be obtained, and is found to be IT 27’. 

It is thus eicn that the same fonuuloD apply to the calculation of both lunar and solar 
eclipses, in so far as the times at which the earth in general would become enveloped in 
tbe shadow of the moon is concerned; but this would only have reference to an 
observer situated on the moon, who would thus be 
enabled to foretell and note the duration, times, 
and magnitude of an eclipse, the instant at which 
the penumbra entered upon the enlightened disc 
of the -earth and the' period of total eclipse. In 
Figure 127 we perceive the phenomena which 
would follow from the interposition of the moon 
between the sun and earth ; the fictitious ob- 
server situated at L, as the moon moved in the direction of the arrow, carrying with 
it the* real shadow and the penumbra, would first see the penumbra touch the disc of 
the earth T ; then (if tbe eclipse were total) the contact of the real shadow and the 
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above fonnulsQ would give the instant at which those appearances would happen. The ^ 
two cones, that of the real shadow and the penumbra, would continue to traverse the | 
portion of the hemisphere turned towards the moon, covering successively the various ! 
parts of its disc, advancing on new regions, and leaving those which it had previously | 
shadowed, t'inally, the cone of the shadow, then that of 'the penumbra, would again ! 
become tangents to its surface ; and the instant at which* this would take place would 
mark the end of the eclipse. But in the case of a solar eclipse on the earth's surface, the 
time at which it became generally visible on the earth, or the period of first contact, 
would not be of such interest to any observer, as the time at which At would become 
visible, or total, at his own particular locality; and the position of the observer at dif- 
ferent parts of the moon was not taken into consideration in the above calculations, the 
latitude and longitude of the several places on the moon being a matter of indifference 
to an observer on the earth. But to an olserver on the earth it is a matter of great con- 
sequence to know the exact time at which the eclipse would coimnence at his own 
station (for it will not begin for him until such period), and also the extent and duration 
of the shadow of the moon when it passes over a known station of any assigned latitude 
and longitude. The calculation of an eclipse of the sun is, therefore, more difficult than 
that of the moon, hecause more is required to be determined. The foregoing formulm 
may he applied to the case of an eclipse of the sun viewed from the centre of the earth, 
to which they will exactly apply. But to the position of an observer on the surface of 
the earth, various corrections of parallax have^ bo applied on account of the angle 
which he makes with the centre of the earth, whether in latitude or longitude, as the 
various phases of the eclipse at the different parts of the earth, by which it is visible 
at some parts and not at others, is duo altqgethei' to parallax. In calculating a solar 
eclipse for any assigned position, it is necessary to correct the angular distances, or 
the longitudes and latitudes, for the effects of parallax* This requires a long and 
intricate calculation ; but the principal appearances and phenomena, as likewise the 
times of contact, greatest eclipse, duration, and magnitude, may be determined in the 
following simple manner :— < 

Oeoii&«txlcal ox Gx&pliical Constxuctioii of a Solax EcUpae If an observer 
be supposed to be situated at the centre of the sun, and the moon is interposed between 
the sun and earth, he will observe it passing across its disc in the same manner as an 
observer on the earth sometimes perceives the satellites of Jupiter traversing the bright 
disc of tho Tatter planet. In the same manner, likewise, as an observer on the earth 
perceives the equator and axis of the sun inclined at different angles to the north and 
south points and to the ecliptic, at the various seasons of tho year (sec page 231, Figs. 

23 and 24), the observer at the sun would perceive the poles and equator of the earth | 
change their situations in respect to the ecliptic, but in a greater degree, the solar 
equator being only inclined at an angle of 7° to the ecliptic, whilst that of the earth is 
inclined 23^"^. At the time of the vernal equinox, the plane of the equator passes 
through the sun, and the north and south poles of the earth will conseqi«s|Ktly appear 
to an observer at the sun situated nt the margin of the disc, the paraU^ of latitude 
describing strai^t lines, as in Fig. 128. At the summer solstice the north pole of the 
earth will be tar ne^^ owards the sun, the south pole will be invisible, and the parallels 
of latitude will to an observer on the sun be projected into ellipses, as at Fig. 129. 

At the autumnal equinox the* parallels of latitude will again appear as straight lines, 
but the poles of the earth will bo on the opposite side of the poles of the ecliptic, as at 
Fig. 130. Finally, at the winter solstice the south pole will be turned towards an 
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Latitude. 


Moon’s Horizontal Equatorial Parallax. 
53' I 57' 1 61'* 


The moon’s horizontal parallax for Greenwich will therefore be 58' 8"‘0 ; and as 
the relative positions of the sun and moon will remain the same if the sun be supposed 


^ m, 

to retain a fixed ]ttSl:tion, and the moon be supposed to be affected with the difference 
of both their parallaxes, the relatiye parallax, or that which affects the relative positions 
of the two bodies, will be 6>‘ 59"*4, which is the semi-diameter of the earth as seen 
from the moon, that of the moon seen from the earth being 15' 54" -6. The lelative 
sizes of their discs will be in the same proportion if viewed from any distance. With 
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a radius A G equal lo 57' 59'''4, or if practicable with one of 8,479 parts from Aay 
scale of equal parts, describe the semi-cirde A D B with the centre C, which repre- 
sents the northern half of the enlightened part of the globe of ^he ear^ Tiewed froiu 
the sun. If the place were^ in south latitude, the lower half of the earth’s disc should 
be that represented. The ling A C B represents the ecliptic, and the perpendicular 
0 D the axis of the eoHptic. Tshe from a sectof, or any other conrenient scale, the 
chord of 23** 28' (which is the obliquity of the ecliptic) to the radius C B, and set it 
o£f from D to H and £ in the periphery of the eirele, or the angle 1) H = 23** 28' 
may be at once set off. Draw the straight line £ H, auttang C D in £, By con- 
sidering Figs. 128, 129, 130, 131, it will be seen that the north pole of the eaxth, as 
viewed from the sun, will constantly appear on this line £ E H, £ being its position 
at the autumnal, H at the venial equinox, and £ at the solstices. Its distance from ; 
H at any time will be cr^ual to the versed sine of the «un’B longitude, or its distance 
from E will be the sine of the difference between the sun's longitude and 90° or 270°. 
To the radius £ K take the sine of 354° 88' *6 ~ 270° = 84° 38'*6, and set it off from 
E to P, the north pole of the earth ; for when the sun's longitude is between 270° and | 
90°, the north pole lies to the right of the pole of the ecliptic, and to the left when it 
is in the other six signs. Draw C P, which is the northern half of the earth’s axia^ 
and produce it until it cuts the circle A I) B in M. 

In order to draw the parallel of latitude of Greenwich on the earth's dbe as seen 
from the Buu, from sunrise to sunset, the following method^ may be taken : — If the 
latitude of the place were exactly equal to the sun’s declination, it would be vertical^ 
at noon, and the place of observation would be at the centre 0. But as the latitude of 
the place exceeds the sun’s declination by 53° 24', it must be seen that distance north 
of the place where the sun is vertical, or when projected on the disc ; this will be the 
sine of that angle which is set off from C to 12, which is the apparent position of 
Greenwich at noon of March 15. The position of Greenwich at midnight ia deter- 
mined in the same manner by taking G S equal to the sine of 49° 10' to the radius 
A 0, and the point S will be its position at midnight. It is easily seen that the line 
12 S w^ill be the shortest diameter of the ellipse into which the circle of latitude is 
projected. To determine the length of the longest diameter, as it is not shortened by 
being viewed obliquely, it will be equal to the diameter of the parallel of latitude, or 
to the cosine of the co-latitude = 38"' 43'; and sotting of this distance from the point 
'I (which is situated exactly betw'een S and 12) on the line perpendicular to C M, we 
obtain the cxUemities of the longest axis of the ellipse, or the points at which 
Greenwiich will appear at 6 a.m. and 6 r.M. At the times of the equinoxes these 
hours will be projected at the edges of the disc (as they are almost so in the present 
instance), but at uU tlie other times of the year they w'ill be more or less distant. 

In order to obtain the position of Greenwich at any other hour of the day, we 
take, with a radius equal to 'I 6, the sine of 15°, or one hour of time, w'hicb is set off on 
each side of the point T. The sines of 30°, 45°, 60°, 75° may be obtained and set off 
in the same way. Through those points draw lines parallel to C M. ^With a radius 
equal to S T take the sines of 75, 60, 45, 30, 15, which are maiked off on each aide of 
the line C 6 respectively at the points 16°, 30°, 46°, &c., as befoifr^^ ^By drawing aa 
elliptic curve through those points, the several positions of Green w'ich at each hour o{ 
the day from sunrise to sunset arc readily obtained; and by continuing it on the 
opposite side, its position (here represented, by the dotted line) is represented during 
the night. The points at which the ellipse touches the circle ABB show the time of 
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I sunrinng and sunBetting. It will be seen tLat ibe ellipBo will be more open near the 
time of the solatieea^ and more eccentric near the equinoxee (aa it the caae in the 
preaent instance), pointa 6, 7, 8, 9, 10, 11, 12, 1, 2, 3, i, d, 6, represent the 
position of Greenwich at those hours, which are marked from nooh^twards the right. 
If the sun’s decimation had been no^, the diurnal path of Greenwich would be on 
the lower or dotted portion of the ellipse. If possible, the fi^re should be constructed 
on such a scale that the hours might he divided into minutes with sufficient certainty. 

Having represented the position of Greenwich at the various hours of the day, as 
they appear to a spectator on the sun, the next thing to be done is to draw the moon’s 
apparent path across the earth's disc. From the same scale of equal parts tised in 
the radius G B, measure off an interval equal to the moon’s latitude, or 37’ 43”; and, 
as the moon’s latitude is north, make fit equal to C G, above the ecliptic A B. Take 
in the same scale, C 0, equal Sx> 31' 49", and apply it on the line C B, from C to 0. 
This quantity represents the hourly motion of the moon from the sun in longitude. Draw 
0 B perpendicular to C B, and make it equal to 3’ 9", the hourly motion of the moon in 
latitude ; and as the moon is moving northwards, set it above the line 0,B. The line C E, 
joining the points C and E, represents the relative hourly motion of the sun and moon ; 
and parallel to this line draw the orbit of the moon, or L G N, on which, by means of the 
hourly motion G E we can maik the position of the moon from hour to hour; and as the 
moment of new moon at Greenwich is at three minutes past noon of apparent time, the 
jiosition of the moon at apparent noon, is found by taking the proportion of 60m. : 3m. : 
the distance C E, to the distance G XII., which is measured to the left of the point G, 
and shows the position of the moon at twelve o’clock, or noon. By taking the line 
C E in the compasses, the other hours may be marked off which represent the places 
of the moon at those times. If the scale is made sufficiently large, those spaces may 
be subdivided into sixty parts or minutes. 

In order to find the times at which the eclipse is greatest, those times must bo 
found on the path of the spectator and the path of the moon, which are marked with 
the same times, and which are at tlie hast distance from each other. The times which 
best correspond to those conditions in the present case are those of 12h. 52m., 
or 52 minutes past noon of apparent time. The appearance of the moon at any hour 
may be shown by taking its semi-diameter to the adopted scale of equal parts — and 
which in this instance = 15' — and vrith this radius to describe a circle whose 

centre is the point where the moon’s centre is at the given time. The position of the 
disc of the sun at the same moment may be represented in the same manner, by taking 
a radius equal to the semi-diameter of the sun z=: 16' 6"*5, and describing a circle 
taking the same time on the path of the spectator for a centre. The relative positions 
given in the diagram arc those at which the eclipse are greatest, when the magnitude 
of the eclipse =: 0 976, on the northern limb, the sun’s diameter being 1 000 ; and as 
the moon’s semi-diameter is less than that of the sun, the eclipse will be annular 
and partial. The sun’s centre must be invisible over all that portion of the earth 
represented as^bcing covered by the moon’s disc, and throughout a much larger area 
some portion o f the sun’s disc will be obscured. The extent of this area will be found 
by describing a circle with the same centre, and whoso radius is equal to the sum of 
the semi-diameters of the sun and moon measured on the adopted scale, ' ^ 

In order to determine the times of the beginning and end of the eclipse, we take 
from the scale of equal parts a distance equal to the sum of the semi-diameters of the 
sun and moon =: 32' l"'l, and beginning near L, place one foot of the oompasses on 
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the moon’s path, and the other on the path of the spectator, and shift them backwErds 
and forwards until the some timei aae fotmd on the two paths, which are this distance 
apart. This will ^e the time of the beginning of the eclipse, which in the preamit 
case is llh. 32m. A.sc^ apparent time. In the same manner find the oorrcsponding 
times on the other side of «the moon’s path, and the end of the edipse will be 
determined, which in Hie present case is 2k dm. T.m., of apparent Ume. We 
thus determine 

Apparent Time. Kean Time. 

Beginning of Eclipse . . Ilk 32m. a.m. 1 Ik 41m. a.m. 

Greatest Obscuration . • Oh. 52m. f.m. Ih. Im. f.m. 

End of Eclipse • . . 2h. 9m. p.ic. 2h. ISm. f.i£. 

When this projection is made on a sufficient scale, and carefully finished, it will 
give the above times accurately to one or two minutes, and furnish an useful chart of 
the various phases of th# eclipse. By drawing dififerent parallels of latitude, we can 
determine the phases of the eclipse for any place. The results are obtained in 
apparent time, because both the moon’s path and the path of the* spectator correspond 
to apparent time. 

Paojectipn by Bight Aacennibsui nnA Beclinatioiui.— Instead of employing 
longitudes and latitudes in the projection of a solar eclipse, we may make nM of right 
ascensions and declinations ; and as those are the elements'^’ given in the Nautical 



Almanac” for these phenomena, it may be convenient to append an example for this 
eclipse, but for a different latitude and longitude. The radius ot^'fi^ection, C B, is 
the same in this case as in the last, being the difference o{ the horizontal parallaxes of 
the sun and moon ; C D is the meridian or circle of declination ; the ellipse represents 
the projection of the parallel of latitude ; L G N the moon’s apparent path ; C G the 
difference of decUnation of the sun and moon at the conjunction in right ascension, and 
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C ,12 the eine of the eun’e eemth distance let noon. The eleincmts for the above eclipse 
given in the^ ** Nautical Almanac*' are as follows^ and the place may be considered as 
situated S' west of Greenwiohf, and at 62^ 41' of north latitude 

Greenwich ineaia timejof ecmjimotion in right ascension =: March 15| Oh. 44m. 7*6 
or March 15, Olu 41^* 44s. *2 of the mean time at the gtv^n place. 

The apparent tim* wiU be March 15, Oh. 34m. 37 'Ss., the equation of time being 
— 9m. 6 b’ 4. The moon's hourly motion in right ascension =: 30' 16"*4 ; and the sun's, 
2' 17"‘l ; and the relative hourly motion of the moon from the sun on right ascension 
27' 59"*3, = must be reduced to the arc of a great circle by being multiplied 
by the cosme ot the declination, or 1® 24' 2r'*8 = 27'‘98. 


The radius A C = 58'*0 as in the last case. 

Hourly motion of moon from sun . . . « = 27'‘98 

Moon^s hourly motion trom sun in dedination . • 15' 31" 

Moon north of sun 42' 53" 

Sum of seuu-diametor of sun and moon . . . . = 32' 1" 

Difference =:.11''‘9 


The semicircle A D B represents the northern half of the earth's disc drawn 
with a radius, A G, equal to 58' *0, as in the last case C D is the axis of the e&nh. The 
position of a point of 52® 41' of north latitude, or 52® 30' of geocentric latitude, will be 
obtained in a similar manner to the last, and its place on the axis of the earth at noon 
and midnight will be 54° 37' and 60® 23' to^thc north of the point where the sun is 
vertical. Obtain, by means of a sector or graphically, the sines of those angles to the 
radius C B, and set it off on the line 0 D from C to 6. The position of the locality 
whose latitude is 52® 30' at 6h. in the evening, will be obtained by takiug the cosine of the 
latitude, and marking it off on the line T 6 — T 6, perpendicular to C D on each side of T, 
that point being the bisection of the two points S 12. These distances may likewise be 
obtained, and with more exactness, by multiplying the radius 0 B = 58' by the sines 
of 54® 37', and 50® 23', the former of whicli gives the distance 0 12, and the latter C 
8, the distance T 6 being obtained by multiplying 59' by the cosine of 52® 30' ; and 
those quantities may be marked off fiy means of the same scale of equal parts, as 
adopted in the radius C B. The other times in path of the observer, are determined as 
in the former instance. The moon's path, according to right ascension and declination, 
is laid down as before. Take the difference of the declinations of the sun and moon = 
42' 53", and set it off, from C to G above the line A C B, because) the moon is north 
of the sun. Take C 0 equal to the hourly motion of the moon from the sun in right 
ascension, reduced to a great circle, and set it off from C to 0. Moke 0 R, which is 
perpendicular to 0 B, equal to 15' 31", the moon’s hourly motion in declination from 
the sun. The line C E represents the hourly motion of the moon from the sun in 
regard to right ascension and declination, and the line L (i N, drawn parallel to this, 
represents the moon’s path across the earth, the point G being tlie position of the moon’s 
centre at the moment of conjunction in right ascension. The even Sours may therefore be 
marked off on t£is path, by taking the point G to be 34m. 388. past noon on March 15 ; 
and the line G the hourly motion of the moon, and the position of the moon at 

noon will be found by the proportion as 60m. : 34m. 38s. ; : C E : G XII. : : 31*6 : 1 6 *2, 
The hours on the moon’s pat!h should if possible be sub-divided to minutes, and the 
same on the path of the spectator. The sum of the scnii-diametcrs of the son and 
moon being taken on the adopted scale =1 32' 1", that distance is taken in the com- 
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passes, and those are shSIted haekwards and forwards, as in the former case, until the 
same times are found an the mohn*a path and the path of the spectator, irhieh are 
exactly at this distance apart. ‘When the left leg of the compass^ is on the moon's 
path, and the right leg on that of the spectator, this will giTe the commencement of 
the eclipse ; and when thS right leg of the instrument is on the moon's path, the 
left on that of the spectator, and the corresponding times are again found at the same 
distance apart, we obtain the end of tho eclipse in the same manner. By applying the 
side of a small square to the moon's path/and moving it along until the other side cuts 
the same hour and minute on both lines, we obtain the nearest approach the centre to 
of the sun and moon. If the scale of the projection be made of sufficient dimensions, 
the distance of those two points will show whether the eclipse be total- or annular ; if 
I less than the difference of the semi-diameters qf the sun and moon, it will be annular 
’ at that locality. By dosciibing a circle whose radius ig equal to that of the moon, and 
' whose centre is situated dh the moon's path at the time of the nearest approach of the 
' centres, wo have a circle representing the mom's disc. Taking the radius of the sun in 
I the same manner, and the corresponding time on the path of the spectator for a centre, 

' wo describe the position of the solar disc, and their intersection will represent the 
I phase of the eclipse at the moment of greatest darkness. With the points of tVio com- 
I passes at a distance apart, equal to the differences of the soiui-diamelers of the sun. and 
moon, the times of the formation and rupture of the annulus may be determined in a 
similar manner, as tho beginning and end of the eclipse. In tho present case we 
obtain for the beginning and end of the eclipse at the given position lib. 32m. a.m., and 
2h. 8m. V M. of apparent time, which is c^qual to llh. 4lm. and 2h. IGm. of mean time. 

. Tho time of greatest obscuration is il2h. 52m., found by taking tho shortest distance 
between the corresponding limes on tho paths of the moon and spectator, answering to 
Ih. Im. P.M. of mean time as before. 

From tho relative dimensions and positions of the sun and moon, it will he seen 
that the eclipse is ctmtral and annular at this locality, viz., at O'* 6’ (of arc) of west 
longitude and at 52° 41’ of north latitude, or nt a point which is a little to tho east of 
Peterborough. The lino of central eclipse will pass across England from Bridport in 
Dorsetshire (at 2” 51' of west longitude, and 50'* 43' of north latitude) to the Wash, and 
a little to tlie ntjrthof the towns of Sherborne, Marlborough, Oxford, Buckingham, and 
Wishcach. The diameter of the moon so closely approaches to that of the sun, that this 
' eclipse may be fnfal in the vicinity of the island of Madeira by the augmentation of the 
! former value. At the station for which the above calculation is made, the duration 
’ of the annulus will only he 12e.*3. Should the position of the sun and moon he exact> 

* and likewise their diameters, we are thus furnished with the remarkable phenomenon 

* of the eclipse being both an annular and total one in different parts of the globe, 

! Annular eclipses are more common llian total eclipses, and the prediction of their 
I times and duration show more p^glpably than anything else the great accuracy to which 
' the tables of the sun and moon liave been carried ; hut astronomers still rely upon the 
1 careful observation of ‘those phenomena, in order to correct tho placcs^f those bodies 
as given by theory ; and the prediction of the approaching eclipse of March 15, 1853, 
will, it is supposed, be slightly affected by small errors in the tabul/lP’pAces of the sun 
and moon, whilst errors which are known to exist in tho ^received diameters of those 
bodies will affect the duration of the annulus. These errors will probably, however, 
only aramint to a fractional part of a second at most. How different is this from the 
prediction of the eclipse which was to have happened at Rome in 1684, which the tables 


ASTRONOMY.- No. VI. 



COMPABATIVfi BUSIBEE OF ECLIPSES OF BUN AND MOON. 


3M 

at that time in use predicted would be totals whilat in reality onl^ thxee-fourtbe of the 
sun disappeared. In the prcdiotion ol the eclipse oC 1706^ the tables of Lohire were 
four or hve minutes in error. 

Annual Numhtr of Eclipaes oftJu Sun , — ^Eulipsea of the sun on the earth generally 
are more frequent iha^ eclipses of the moon, in the proportion of three to two, as it 
will be seen should follow fnm the fallowing considei^tions. In order that there 
be an euHpse of the mooui it must happen that the moon penetrates the cone of shadow 
B 0 B' at C 134) ; and it is easily seen that in order that there be an eclipse ol 



the sun at some portion of the earth, it must peuctrate into the cone A 0 A' at the point 
I). As the diameter of the cone is larger at D than at C, it consequently happens tliat 
the moon passes more frequently through the former tlian the latter, and that eclipses 
of the sun will he more frequent than those of the moon. Theory and observation 
alike prove that in the period of 18 years 11 days, in which, as before mentioned, the 
moon passes to the same position in respect to the sun and its nodes, that there are in 
-general seventy eclipses, of which forty-one are of the sun, and twenty -nine of the moon. 
There cannot be more than seven eclipses in one year, nor less than two ; and if the 
latter, they must both be eclipses of the sun. In any given plate^ however, the eclipses of 
the moon will appear to be more frequent than those of the sun, as will be apparent 
when we come to consider that the fornn r arc due to the total or partial extinction of 
light on the surface of our satellite, and ai’e seen on every occasion on that Lemisphere 
of the earth where the moon is above the horizon. Eclipses of the sun, on tbe 
contrary, can only be seen at one zone of the earth, and that a ver\ narrow one , for, 
in addition, it W'ill be seen that the dimensions of tbe shadow of the moon aio small 
as compared with that of tbe earth. Out of the forty-one soloi* cdijsscs, which may 
I occur ill eighteen years, there arc in general twenty -eiglit of those which may become 
central according to circumstances — that is, eitber total or annular. It results from 
Du Sejour’s calculations that the grea'est possible duration of an eedipee of the sun 
cannot be more than 41). 20m. 44s. for a place situated at the equator, or 31j. 26m. 32s. 
for the latitude of Paris, lii total eclipses, the greatest possible duration of total 
obscuration may only bo 7ra. SSs. at the equator, and Gm. 10s. at the latitude of Paris. 
In the case of annular eclipses the greatest possible duration of the phase is 12m. 24a. 
at the equator, and 9m. 66s. at the latitude of Paris. Such combinations are of course 
very rare. The total eclips(3 of 1706 lasted for 4in. lOs. , that of 1715, at London^ 
3m. 578. j the total eclipse of 1806, at Kiuderhook, in America, continued for 4m. 37s. ; 
and that of 1724, at Paris, for 2in. ICs. In the eclipse of 1778, ^the darkness continued 
for four minutaj. 

Fhmoniena during a Tut aV Eclipse, — The great and sudden darhness which 

takes place at the moment of central eclipse is, of course, the great phenomenon to be 
witnessed in solar eclipses, i>\it many other curious circum-stances have been unex- 
pectedly noticed by the telescopic observers during the eclipses of 1842 aijd 1851, 
which serve to throw some light on the eonstitution of the' sun ; so true is it, as Arago 
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observea^ that, in the intellectual world as in the terrestrial, wo cannot adVancO- a step 
without discovering a new horiaon. It is not,, however, to be strictly understood that 
those appearances were first perceived on these oocaaions, but rather that they were 
observed with greater caro; and from the number oi observers engaged, and the 
difierent instruments the/ made use of, the results are placed beyond doubt,, and 
confirm the desultory notes oT former astronomers. 

Tho darkness wliidn fioUowa tha total obaoiiiratiQn o£ sun’s disc, tbouiln 
mentary, is general!}^ waagg gppest,, l^onglh nuti eaaiplhtm The total 
occurred in England e(lnJiulafl74^ 12403) was Ibng' mmembstFed; nnd^t^ zmma'ofi'tllM 
* ^ Black Hour.” Thah>efi'lSd86^w» eq;)utlly ixnpnntod on the mcmemsefr ofi the p eaw si it qi ^ 
and remembered by tfiitt OMe ofif the “ Black Saturday whilst the total' eelipse ^ 
1G52 is recorded in Si:rothnd< by the name Monday.’' Hbiv, ^ 

allow tho testimony oiTBls.Bhlley, are thusm tiUte aM^hid in such oaase. 
forbear,” he says, in hitf oamntunlctttion to thn B2>3^ tiia oedipsoorofi 

to mention the chill, auyh damp which attended! th»>dlv3lDBe»al^ this oclipsw 4 ,Qf:witMi 
most spectators were aonaihtet and equally pitapat. Il$ii!‘ai^i^’llat)uble you wHI* tHe 
ronceru that appeared! itt all eorteiof animfi^.hiiaft^,1l«aota^and fishes^ upcm the« mh 
tinetion of the sun, .sinim (mzBfds^ee oould nohiyiidihih wd0nti4^soaie aensts of hormia;,’*' 
In the eclipse of I706„(hicihgthe period of total!! cMhsMatt^^neva, hjUwtfii^wahunllan 
at dusk, swallows weiwsHim fi^irrg' about, and cago-bitd^ put their hea^ thi# 

\\'ings. Tho stars appefmed! as’ thiekl|j)t strewed os at the time of fiiillxmaein Br thfiE 
eclipso of 1M2, sevcndiEdaiB ofi the magnitude, as well as the. plhnah wenT 
distinctly visible. ^bnrof!’ the *^ 17 . ae, those times dbaehnab 

( ithcr to bohihg to tlnrd^dlineaB, of nigBunor the* hue ofi twilight;; nome^ phuttaoitt 
was even noticed toheofia-VHihittihii; ond/vd^stam, such asitfios® ofi.Mpila^Ornmt 8 santf 
Aldi'baran, were noticed to bo vyfi>l<i. At, Montpellier, in the eclipse of 1842, tin light 
had acquiied a livid tint, imparting to the human countenance an aspect which it was 
painful to contenipbite ; and the spectacle was generally allowed to be of an extra- 
01 dinary and appalling charai ter. An owl was seen to leave the tower of St. Peter, 
tho bats left their retreats, the swallows disapjieared, the fonls went to roost, and 
tlic cattle stood still in the field. A heavy dew fell at Perpignan, Tui'in, and A'ienna 
i during the obscuration. Similar appearances were noticed during the total eclipse of 
^ 1851, by the ninnerous ohscrvei.s stationed in the path of central eclipse in Sweden. 

1 Even during tlu* greatest obscuration, and when the disc of tho sim is completely 
) hidden by tliat >1 tlie moon, its place is still made apparent by the brightness in the 
* part of tho heavon» in which it is situated. This light appears in the rtmaikablc form 
of a corona or lustrous ring, and it has soractimes been so bright as to be observed and 
mistaken for an aunnlar eclip 3 ('. This luminous ring was seen during the eclipse of 
1507, and was inistakeii for the margin of the solar disc; it was equally vi>ib]e in 
that of 1508. Iis radiaiiuy appearance seems to have been first noticed in the «^clipae 
of 1052, anvl appeared to he endowed with a sort of rotatory motion. In every sub- 
seqmmt eclipse ob&erf’cd under any favourable circumstances, the corona has been 
observed with equal plainness, generally of about onc-tenth or one-twelfth of the 
diameter of the moon and of a pearl-white colour, or, in tho words^f Jn ohsciwer, of 
that bluish tint which distinguishes the colour of quicksilver from that of a dead 
white.” In the (*elipses of 1842 and 1851, it was the principal circumstance to which 
the attofition of the observer was directed; and M. \iagi) was able to perceive what 
might be termed tico lings --the inner one, or that which bordered on the moon's limb, 
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being of an uniform brightness) whence it faded imperceptibly outwards, and termi- 
nated irregularly. The inner ring was 3* or 4' in breadth ; but the whole breadth of 
the corona was differently estimated by various observers as 8', 16') and 25' in 
breadth. Several luminous jets of light were noticed in thp corona by M. Struve at 
Lipe^, OB in the accompanying diagram (Fig. 135}, andcit had a decidedly radiating 

appearance ; but 
the observers in 
Franco only per- 
ceived one or two 
radiations, and in 
some cases only 
the brighter or 
inner ring of light 
was observed. In 
the eclipse of 1851 
the same discord- 
ance in the estima- 
tion of the breadth 
and in the radi- 
ating aspect of the 
corona existed be- 
tween the several 
observers. The 
direction of the 
diverging rays did 
not seem to bopoi- 

pendieular to the circumference of the moon, but were greatly inclined ; and M. Arago 
noticed that at one part of the corona the rays wore entwined within each other like 
a skein of thread which was entangled. 

The appearance of this ring of light is now generally attributed to the effect of the 
atmosphere of the sun, rather than to anything of the same nature in the case of the 
moon. The latter was the supposition of Kepler, and before the want of an atmosphere 
to our satellite was established by numerous prf»ofd, it was the most natural one 
which could be imagined ; although the great breadth of the ring would go to prove 
that its height must he three or four hundred iriilc3, or fifty times the extent of the 
cailli’s atmosphere. No such difficulties exist in the case of its being supposed to he 
the solar atmosphere, while its concentric form, in regard to the sun at the different 
periods of observation, tend still further to confirm this conjecture. By what has 
already been stated of the photosphere of the sun, and the different strata w’hich sur- 
round its surface, as well the appearance of the zodiacal light, this may be deemed to 
be, in every respect, the most probable conjecture. The corona, however, cannot be 
identified as foiming the zodiacal light, for it has mostly been observed of a circular 
form, whilst Ig^fer is elliptical ; even where the corona has been noticed to be 
protuberant on opposite sides, the greater axis does not take the direction of the ecliptic. 

Red Flames.’^lTL the eclipses of 1715 and 1733, when the sun was w holly 
eclipsed, and only the corona was visible ; the margins of tbe moon were noticed to 
be marked with some red spots, which remained visible for some seconds* * 'Whilst 
observing the corona in the eclipse of 1842, (.these appearances again became unex- 
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pectedly conspicuous to the different observers. They were first observed a few seconds 
after the time of total obscuratioDi and were of a fine crimson tint-being compared 
by one observer to the peaks of the Alps illumined by the setting sun ; and, by anothm:) 
to boautifiil sheaves of flames, which remained visible even after the sun had emerged. 
The length of the most considerable was, by actual measurement, found to be equal to 
Ij minutes of arc. Only two or three isolated prominences were perceived by the 
observers stationed in the south of France ; but to MM. Struve and Schidlowsky, at 
Lipesk, these rose-coloured flames burst out at several parts of the lunar disc — a 
very large portion of the periphery being garnished with this reddish bordering. M. 
Littrow noticed that they changed their colour as the eclipse advanced, being at first white, 
then rose colour, and finally violet, passing afterwards in a reverse order through 
the same tints. In the eclipse of 1851, these brimson projections were beautifully seen, 
and by S(inie observers in great number. Some seen were, in this instance, crooked, 
and resembled a flame bent aside by the wind, but their colour was of the same 
remarkable tint as in the former case. In the eclipse of 1706, observed by Captain 
Stannyan, at Borne, ^^a blood-red streak of light'* was noticed ; and Halley, iu 1715v 
saw a similar “long and very narrow streak of a dusky but strong red light.’* 
Equally with the corona, these appearances have been conjectured to be in*the atmos- 
pliere of the sun, and to be in no way connected with the moon. Their reddish light 
would seem to show that tliey were of a cloudy nature, resembling our terrestrial 
clouds, and absorbing all the rays of the spectrum, with the exception of the red ones ** 

Baily's Beads. — In some cases when the margin of the moon comes in contact with 
that of the sun, instead of tho faint and regular thread of light which would bo 
supposed to ensue under those circumstances, the appearance presented is a broken 
glimmer of light, which was first noticed by the late Mr. Baily, who compared it to 
heads of light. These are noticed in total as well as annular eclipses, and were seen by 
different observers in the last eclipse of 1851. They are generally regained as being 
due to the rough and mountainous edges of the moon coming in contact with the 
margin of the sun, and the light proceeding from the latter shining through the 
chiuJes or valleys of the moon, the effect being greatly increased by irradiation. 

Method of Observation. — We can follow the different phases of a solar eclipse 
without the help of a telescope, and by merely making use of a piece of coloured glass, 
that colour which is technically termed by opticians London Smoke being the most con- 
venient for thi'j purpose. If a pin-hole bo made in a piece of card, and the image re- 
ceived on a screen, the disc of the sun and the various phases it assumes from the inter- 
position of the moon likewise become very apparent, and we have thus a still more simple 
method of following the phases of an eclipse. The form of the aperture, or the pin-hole, 
is of little consequence in this instance, provided it is small. This is apparent from tho 
shadows cast by a tree or hedge, through tho narrow interstices of which, under 
ordinary circumstances, the sun will throw a circular image, which arriving obliquely 
on the ground, will appear of an elliptic form. But at the time of an eclipse of the 
sun, instead of those regular ellipses, we perceive the homed or vjrescent appear- 
ance of the moon at the first or last quarter, changing aocording^to t^e phase of the 
sun at the time, as in the following Figure. The peculiarity which the shadow 
of a tree presents during an eclipse is very apparent, and even if we were not aware 
of the x>henomenon which has happened, we could scarcely fail to remark the curious 
and regular shapes of the patches of light which are cast upon tho ground on those 
occasions. • 





approaching annular one of March lo, the aum Jus which in inia caoc ludU foi 

fifteen second^)} may continue for a eufficient length of time to imprint its image on a 
plate of the requisite degree of sensibility, 

Oceultations of Slant hy the Moon , — The occultations of stars by the moon an- 
analogous to eclipses of the sun, and their graphical projection maybe made willi 
some slight modifications as in that case, and the same formula) may be applied to then- 
prediction. All the planets may be occulted by the moon, but only such of the fix< d 
stars as are situated near the ecliptic, and within cho limits of the moon’s latitude. 
Among the brighter stars which can suffer eclipse — those of Regulus, Spies, Aldebarnn. 
Antares, and the group of the Pleiades, may be mentioned. An occultation can h»‘ 
seen at many different parts of the earth’s surface, and their accurate observation 
forms one of the best means of determining the longitude, being much more ex. l 
than the occultations of Jupiter's satellites, as the moments of immersion and cmci- 
sion are instantaneous. The portion of the earth's surface at which tlie star appeals 
to be occulted at ihc same instant, will have a diameter equal to that of the moon, and 
will pass, like tiie shadow of the moon, over a certain zone of the earth. As the star 
has no perceptible diameter, there can be no penumbra in such a case, even if the light of 
the star were sufficient to cast a shadow. This circumstance renders the calculation 
more simple, which likewise follows from the star having neither motion nor parallax. 
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ON TTNIYEBSAL GRAVITATION. 

All experience shows that every heavy body requires force, or effort, or support, in 
order to prevent its falling to the earth. What arc called light bodies also require a 
similar counteracting force when their tendency to fall is not resisted by the presence 
of the air, as numerous experiments with the air-pnmp have sufficiently proved. 

This influence of the earth upon all bodies suspended over it, and which renders 
force necessary to hefp them suspended, is itself called force— the form of gravitation. 
Such is the name which philosophers give to the hidden cause, whatevt r it bo, which 
forces bodie s to fall to the earth when left* to themselves, inst<'ncl of remaining sus- 
spended 'wherever tlu y.may be placed, or moving in^ny other direction. 

That this force of gravitation or attraction is not exclusively expended on teri*estrial 
bodies, was a doot^ii^' entertained by several astronomers bofoic NowlonN time. 
Kepler had a steady conviction that the moon gravitated towards ihc earth ; but he 
conceived that some additional force, animal or spiritual, was in opcratir^ii to check 
the gravitating influence, and prevent the two bodies from nishing into cplL'^on. 

It w'as lescrve cl for Newton to prove that the one single piinciple c>f gravitation, 
combined -v'ith one single impulse given to each planet, was sufficient to ru count for 
all the celestial movements, and to render clear and intelligible the entire rocchani^ 
of the heavens. ^ 

In addition to the* first distinct enunciation of Wio priucijilc., Newton also discovered 
the law of gravitation. The principle is, that all particles of matter mutually attract 
one another ; the la\v is, that the intensity of the attraction varies inversely as tho 
square of the distance at which it acts. 

To verify these important propositions, observations of a peculiar kind were indis- 
pensable. These, fortunately, had already been supplied by Kepler ; they are em- 
bodied in the three following statements, which have, however, a greater degree of 
generality than Kepler’s observ’ations strictly warrant. His laws, as they are called, 
thus generalized, have been mentioned at page 261 : it is convenient to repeat them 
here, 

1. If a lino he supposed to connect any planet with the sun, this line will describe 
equal areas io equal times. 

2. I'he planets revolve about the sun in elliptic orbits, the sun occupying one focus 
of the ellipse. 

3. The squares of the times in 'which any two planets perform their revolutions 
about the sun, are as the cubes of their mean distances from it. 

The first of these three laws is not peculiarly connected wuth astronomy, and is cf 
no special importance in establishing the physical theory of the planetary motions ; 
for, as shown by N^j'^^ton, it is a universal truth that a body, moving round a point of 
attraction in any orbit and attracted by any force, mast describe equal sectorial areas 
in equal times. This truth, therefore, is quite independent of every specified law of 
attraction, and is irrespective of all considerations as to the distance of the revolving 
body, or tho form of its orbit. If only the direction qf the force bo to’wards a fixed 
pointy the equable description of areas necessarily has place ; and, conversely, if tihis 
latter have place, tho direction of the attractive force is always towards the same fixed 
point. This is proved as follows, afte^the manner of Newton 
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Suppose that a planet, moving at any distance from the sun, bo subjected to the 
influence of an attractive force tending to draw it directly to that body ; and imagine 
this force, instead of acting continuously, to act by succcssivo impulses, after certain 
equal intervals of time. Let A B (Fig. a) be the path described by the planet during 
one of these intervals, irhioh path ?vill, of course, be a straight 
line, since in describing it the planet is not acted upon by any 
force. 

Arrived at the point B, the attractive force at 8, acting merely 
as an instantaneous impulse, changes both the direction and velo- 
city of the planet, which takes another rectilinear patli, B G, 
described in an interval of time equal to the former interval ; at 
the end of which another impulse, in the direction C S, is given 
to the planed ; and so on. ^ 

Now, confining our attention for the present to the two secto- 
rial areas (in this case the two triangles S SBC) described 
in the first two intervals, -we readily see that they must be equal. 
For if no fresh impulse had been given to the planet when at B 
it would have proceeded onwards from B to M, in the continua- 
tion of A B, and in the second interval of time would have 
described B M equal to A B ; the impulse from S, however, if 
acting alone, would have brought the planet to some point N in B 8, and this impulse, 
combined with that which acting alone would have brought it to M, causes it to 
describe the diagonal B C of the parallelogram M K, as the first principles of mechanics 
show. 

Now M C being parallel to B S, the two triangles B M S, B C 8 arc equal (Euc. 
Prop. 37, B. i.) ; but the triangle A B 8 is also equal to the triangle B M 8 ; hence the 
triangle A B 8 is equal to the triangle B C 8 ; so tliat in the equal times the equal | 
triangles A B 8, B C 8 are described, however intense or however feeble the impulse | 
from 8 upon the planet at B may be. i 

By increasing the number of intervals of time, and the corresponding impulses from j 




S, the path of the planet would be represented 

by the sides of an irregular plane polygon, as in b A 

the diagram (Fig. b)\ and however these sides J.-''’"’*/ 7 

may differ in length and direction, it is plain, j j 

from what is shown above, that they are the 1 ! / 

bases of equal triangles of which the point S is ; / / 

the common vertex. As each triangle is de- / \ j / 

scribed in the same time, by the line joining the / \ | I j 

planet and the sun, it follows that equal areas ® A \ \ j j 

are always described by this lino in equal times. I \ \ 5 j j 

It is obvious that this conclusion Las nothing / j / / 

to do with the Iq^igih of time w hich has been j \ \ \ j / 

supposed to intervene between the impulses \ \ i / / 

upon the planet,*onI]^ upon the equality of the \ V;// 

intervals. We may therefor^ imagine these 
equal intervals to be as small as we please, and ^ 

therefore the impulses to succeed one another 

with the utmost rapidity, and, in fact, to unite ^ in one continuous force ; in which case 
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the sidcft of the polygon, becoming shorter and shorter, must unite in one continuous 
plane curre, the centre of attraction being itself in that plane. We infer, therefore, 
that a planet, moying in virtue of a primitiye impulse, and diverted from its rectilinear 
path by an attractive force, residing in the sun, describes a curvilinear orbit round the 
source of attraction, such equal sectorial areas are generated by the radiuB vector of 
the planet in equal times. 

However accordant this description of equal areas in equal times may be with 
actual observation, we could not fairly infer that the centre of force is necessarily in 
the sun, unless it were further proved that such equal areas could not bo described if 
the centre of attraction were situated elsewhere than at the common vertex of the equal 
sectors. And this may be done thus If the force acting on the planet when at B 
(see Fig. a, page 360) had a direction out of the line B S, B N would make some angle 
with B 8, and C M, whiph is parallel to B N, would ftot then be parallel to B S ; and 
the two triangles B 0 S, B M 8, on the same base B S, would have their vertices at 
unequal distances frpm that base ; so that the surfaccfif of those triangles would be 
unequal. The triangle A B S, always equal to B M 8, would no longer be equal to the 
triangle B C 8 ; nor, consequently, would the triangles A B 8, B C 8, C 1) S, &c. (Fig. 3), 
described by the radius vector in equal times, be equal. We concludei therefore, 
that, let, if the force acting on a planet is constantly directed towards the sun, the 
areas described by the straight line joining the planet and sun ai'e proportional to the ^ 
times of describing them ; and, 2nd, if the force which acts on the planet be not directe^ 
towards the sun, the proportionality of^ the sectorial areas to the times does not exist. 
The first law of Kepler, therefore, warrants the conclusion that the attractive force 
acting on a planet, is constantly directed towards the sun ; and this is the only conclu- 
sion derivable from that law. As respects the intensity of the attractive force — ^how it 
varies W'ith the distance of the planet, or whether it varies at all, are particulars of 
which nothing can be learnt from the observed fact of the equal description of areas ; 
for as the preceding reasoning shows, equal areas are always 'described about a point, 
provided only the force acting on the moving body be in the direction of the line from 
the body to the point, however the intensity of the force may vary. But if the body 
move in a circle round the centre of attraction, then we may infer, from the law of 
equal areas, in equal times, that its motion must ho uniform ; for only equal arcs of 
circles can belong to equal sectors, and from the constancy of the distance, or radius 
vector, we cannot hut infer the constancy of the attractive force. 

Kepler's other two observed laws of planetary motion evidently imply a certain 
law of attractive force. If the attraction he such as to cause the planet to describe 
an elliptic orbit, any alteration in the force acting upon the planet at any particular 
point in that orbit, would necessarily alter its path. And if two planets revolve 
round a centre of force, and it he observed that their mean distances from that 
centre and their times of revolution hear the same relation to one another, a uniform 
law of force is again implied. Let us endeavour to discover what this law is from 
Kepler’s third proposition, namely, that the squares of the times are a^the cubes of the 
mean distances. 

It will be observed that the enunciation of this truth involves no condition in refer- 
ence to the eccentrieitiea of the planets ; the proposition should hold, therefore, for aU 
eccentricities, and even for eireleSf in which the eccentricities ore zero. For simplicity, 
then, we shall consider the case of planets revolving in circular orbits, and oon- 
sequently, as shown above, moving ui^formly; and shall thence endeavour to dis- 
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cover the law of force necessaiy to justify the proportion that the squares of the times ' 
of revolution are as the cubes of the radii of the circular orbits. > 

The intensity with which a force acts upon a body is measured by the addition it 
imparts to the body's velocity in the direction of that force in a second of time. If no , 
force act, no addition can be made to velocity ; if a body^be at rest, or move uniformly 
in a straight line, we infer at once that it is not acted upon by any force. If a force 
act continuously, and in the same direction, it must generate equal increments of velo- 
city in equal times ; and the motion of the body is thus saidlo be uniformly accelerated. 

It must be borne in mind, however, that the force must act with the same intensity 
upon the body throughout. TJic attraction of the earth, or terrestrial gravity, may be 
] rf'garded 'is such a constant force in all our experiments and observations respecting 
I bodies faili^ig to its surface, because these observations and experiments can niver be i 
j made in a region so remote froift tlie surface as to render the variation in the force of the 
j earth’s attraction sensible. 

I If a body fall from rest to the surface of the earth, it w ill acquire a velocity at the 
I end of the first second, which, as stated above, is the measure of the eartli's attraction ; 
througliout this second, the velocity increases unihnn l^ from nothing up to the final 
velocity which meaenrea the force. The veloeit} niulwuy is, therefou’. half this final 
velocity ; and if the body w ere to move umfoimiy wnth this midw'uy velocity, it is pretty 
obvious that in one second it would describe tbe same kngth of path as in falling from 
rest as nl»ove tiipposcd. 

The lcnii<h of path in uniform motion is evidently found by nrultiplying the uniform 
; velocity (the length passed throiigh in a second) by tbe number of seconds; that is, 

‘ culling tbe lengtli of space 5, tbe velocity’ f, and the number of seconds f, we iiuvo 
: 5 = V /, or if / = 1, i = f’. Nerw, if r be tbe final velocity at the end of tin* st>cond of 
j accelerated luotion, adverted to above, and S the spncjc actually passed through in that 
! second ; then, putting J V for and S for «, we have =; J V’ ; ibcreforr Y =r 2 S , that 
I is, the final veloidty, or tba measure of the force of gravity, is tw ice (he space dcscrihiid 
{ by a body fulling from rest in the first stHiond of time. 

The same conclusion applies, however remote frem the surface of the earth the 
falling body be conceived to be placed; the intensity of gravity w’ou Id still ho 
measured by double tbe space through which the bi^dy would fall fiom rest in one 
flocond, for during so short a time the force may, as before, be considered as constant. 
And a lilce conclusion applies whatever centre o^ force be considered ; the me asure of its 
intousity'^ on a body anywhere subjected to action, w'ill always be accurately e^pi essed 
by twice the space through whitdi the body falls towards that centre in one sei oiul. ‘ 
Let the circle in Fig. c represent tbe path of a planet revolving about tbe sun at ' 
6. When at A, tire planet is actuated by a velocity in the direction of the tangent 
A M, and in this direction it w'ould, of course, continue to move uniformly if no force 
diverted it from its path. But it is acted upon by a force which is constantly' directed 
towards the sun, S, and which lends to draw it towards that body, or to deflect it more 
and more from the tangent. It may thus be said to fall towards the sun, just as a 
body near the earth projected forwards in a straight line, AM (Fig, r/), falls towards 
the earth’s Bur^’ace, the actual motion in eithc” case being in a curved line, A B. Let 
A B, on tbe orbit of tbe planet, be the portion of that orbit described in one second of 
time ; the distance D B wdll be that which tbe planut has fallen, from its wonted path, 
towards the sun, in this second of time, and the double of D B will measure the attrac- 
tive force of tibe sim at that distance. , 
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thcn foiv, ^ 


Now, to find the length of D B we proceed as follows •—Prom the point B draw 
B E perpendicular to the 
radius S A ; draw also from 
B a straight line to the point 
A' of the orbit diametrically^ 
opposite to the point A, and 
malte A E equal to D B. It 
is plain that the arc A B 
differs insensibly from its 
chord, and may be replaced by 
it ; so that the angle A B A', 
being in a semioirch, ia a 
right angle. In the right- 
angled liiunglo A B A'* wo 
have the proportion 

A E ; A B : : A B ; A A' 

(Kuc. 8 of vi ) 

for B E ( annot diffei sensibly 
from parallelism, with D A, 

A J*: _ A B 
A B“"AA' 

. „ _ A B2 A B^ 

A A' 2 A S 

As the arc A Bis thopoition 
of the Dibit dcseribud by the planet in a second of time, it measures the uniform velo- 
city with which it moves ; aiid we sec that the uistance 
A E, or B 1), which the planet falls in that time to- 
'jg wards the sun, is found by dividing the square of the 
velocity by twice the radius of the orbit. We have 
C seen that the attractive force of the sun, acting at that 




I distance, is measured by double the distance fallen in a 

! second. The intensity of the force, therefore, at the planet, is expressed by the quotient 
I of the square of its velocity by the radius of the planet's orbit. 

i ^^'c may ii nv compare together the intensities of the forces which act at different 
distances, or oi: different planets, by means of the third law of Kepler, In order to this, 
let us suppose that planets, moving uniformly in circles round the sun, be situated at 
distances from that central body proportional to the numbers 

1, 2, 3, 4, 5, &c. . . . • (A). 

To obtain the velocity of one of these planets in its circular orbit, we must divide 
the length of the circumfereiK e by the number of seconds occupied in describing it ; and 
to get the square of tlTe velocity, we must divide the square of the circumiercnce by the 
square of the number of seconds. But the squares of circumferences are as the squares 
of their radii, that is, in the present case, as the numbers • 

1, 4, 9, 16, 25, &c. 

Also, from the third law of Kepler, the squares of tlie times of revolution are as the 
cubes of the radii of the orbits, that is, in the present cose, as the numbers 
1, 8, 27, 6d, 125, &c. 
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The squares of the yelooities of the several planets will, therefore, be related to one 
another as the numbers 


Or as the numbers 


And as the force acting on each planet is measured by the square of its velocity 
divided by its distance, we shall evidently discover the law by which the intensity 
varies, from one planet to another, by dividing the several numbers (B) by the corres- 
ponding numbers (A) ; that is to say, the forces at the several distances (A) will be as 
the numbers 


9 16 25 

27’ 64’ 126’ 


1 

3’ 


1 

4 ’ 


6 ’ 


&c. 


(B) 


1 1 1 L 1. 

’ 4 ’ 9 ’ 16 ’ 25 ’ 


or inversely as the squares of the distances (A). And in this way is the law of 
solar attraction established ; and not only docs this follow from the third law of Kepler, 
but this law itself may be shown to be a necessary consequence of the law of force just 
established. For, since the length of orbit, divided by the uniform velocity, gives 
the periodic time in seconds, and that circumferences vary as their radii, the periodic 
time varies as the radius divided by the velocity. Hence, calling the periodic time P, 
^ the radius B, the velocity i', and the force F, we have in symbols, 

R R- r- 

Pa-/. P2ai\. KowF = L 
V R 


1 1 R* 

If, then, |[2 cx R3; so that if the force vary in- 

versely as the square of the distance, and bodies move round the common centre of 
attraction in circles of different radii, the squares of the periods of revolution will be to 
one another as the cubes of the distances. 

Having proved that the relation observed by Kepler between the periodic times 
and the distances was a necessary consequence of the above-named law of gravitation, 
Newton sought to determine whether the forms of the planetary orbits were not also a 
necessary consequence of the same law ; and he accordingly found that, under the 
influence of that law of attraction, it was impossible for a body to move in any other 
curve than a conic seetim ; that is to say, the orbit must be either an ellipse (of which 
a circle is a particular case), a parabola, cr an hyperbola. This may bo proved as 
follows: — 

Let V be tlie velocity in a circle of radius R ; v* the velocity in a parabola, ellipse, 
or hyperbola, whf> 8 e radius of curvature at perihelion is R' ; then 


^ — R *“ R^ » 


R' = R 




Now R' is what, in the doctiine of the conic sections, is called the semUj^arameier 
of the curve; and R being the distance of the focus from the vertex of the 
curve, [it is also proved in that doctrine [that the curve will.be a parabola, an 
ellipse, an hyperbola, according as R' is = 2 R, ^ 2 R, or 7 2 R. Hence, if 

*2 ^ V'* 

^ = 2 , the orbit is a parabola ; if -- 5 - ^ 8 , the orbit is an ellipse ; and if 7 2 , 
tbc orbit is an hyperbola. And as one or other of these conditions must necessarily 
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have place, whatever be tbe velocity e*, it follows that the planets and comets must all 
move in one or other of these three carves. 

The above established law of force is thus competent to account for the revolutions 
of all the planets and comets round the sun, as also for the motions of those comets in 
the system, if any there be, which describe parabolic or hyperbolic orbits, and which 
consequently proceed onward in space continually and never return. 

The same law of force accounts, in like manner, for the revolutions of the satel- 
lites round the planets to which they belong, for these all describe elliptic orbits. 

This general statement, however, is, in strictness, only an approximation to the 
truth, although an approximation so close as to be but very little at fault in explaining 
the great phenomena of the planetary motions, and therefore regarded by Kepler as 
strictly accurate. In the foregoing reasonings the attracting body has been supposed to 
be absolutely fixed in space. This is not entirely esnsistent with Newton’s law of 
universal gravitation, according to which all bodies in tbe universe mutually attract one 
another with a force directly proportional to their masses, as well as inversely pro- 
portional to the squares of their distances. On account of the masses of the phincts 
being very small in comparison with the mass of the sun, ‘the rejection of the planet’s 
attraction on the latter body involves an error comparatively insignificant. 

** It is true, that when observations arc carried to a liigh degree of precision, and when 
each planet is traced through many successive revolutions, and its history carncfi back, 
by the aid of calculations founded on these data, we learn to regard the laws of 
Kepler as only Jirst approximations to the much more complicated ones which artunlly 
prevail ; and that to bring remote obs^'^vations into rigorous malbematical accordance 
with each other, and at tbe sanu' time to retain tbe extu'mely convenient nomencla- 
ture and relations of the Ellivtic System, it becomes necessary to modify, to a 
certain extent, our verbal expression of tbe laws, and to regard tbe numerical data or 
elliptic elements of the planetary orbits as not absolutely permanent, but subject to a 
scries of extremely slow and almost imperceptible changes. These changes may be 
neglected when we consider only a few revolutions ; but going oa from century to 
century, and continually accumulating, they at length produce considerable departures 
in the orbits from their original state .” — JlerscheL 

From tbe principle of universal gravitation, the third law of Kepler, from which 
the law of attractive force has been deduced above, requires to bo modified as follows : — 
The cubes of the mean distances of tho planets from the sun are as the products of the 
FcjuarcB of the periodic times, by tbe sum of the masses of the attracting and attracted 
bodies. In the original enunciation of the law, tbe mass of the attracted body was 
neglected ; tho trifling amount of error thus introduced--seeing that even Jupiter, the 
largest of the planets, has less than a thousandth part of the matter contained in the 
sun— -is evidently such as to render tho departure from strict accuracy too minute to 
be detected, except by delicate observations extended over a long period of time. 

Pertuxbations of the Planetary IVKotions. — In consequence of the law of 
universal gravitation, each planet exercises an influence over every other planet ; 
these mutual disturbances necessarily modify, in a slight degree, as just noticed, the 
orbits of all, and occasion what are called perturbations and inequaUties. • But all these 
are fully accounted for and satisfactorily explained by referring them to Newton’s 
great principle. Calculations founded upon this principle enable us to predict tbe 
position'of a planet at any future time with a degree of accuracy that appears little 
short of marvellous, when we consider lb . complication involved in the mutual 
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actions of the sun and all the planets on one another. “The motion of Jupiter, 1‘ur 
instanoe, is so perfectly calculated, that astronomers have computed, ten years before 
hand, the time at which it will pass the meridian of any specified place ; and we find 
the prediction correct within half a second.”— v4try. 

No physical law* has ever been enunciated which long and careful observation more 
completely verifies than Newton's law of universal gravitation. The distances and 
masses of the planets being known, the cfiect of the attractions of all, in modifying the 
path of eaoh, can be oorreotly ascertained, though only by aid of investigations of the 
most difficult and* recondite character ; hut one of the most remarkable attestations to 
the truth of this universal principle is that which has been fhrnished in our own day by 
Mr. Adams of Cambridge. Knowing that there were certain small perturbations of the 
orbit of Uranus that the combined attractions of all the other planets of the system were 
insufficient to account for, and rally confiding in the competency of Newton’s law to 
explain every movement of the heavenly bodies, he had the boldness to pronounce that 
a yet unseen planet existed beyond the bounds of what had till then been regarded as 
the remotest planet in our system ; and, taking the uiiaecountod-for perturbations of 
Uranus as data, he had scionte enough to assign the place where, at a specified time, 
the new planet would he found. An eminent French mathematician, liCverritT, had 
independently, and but a short time afterwards, arrived at a similar conclusion ; and 
upon transmitting the necessary instructions to a German astronomer, Gallo, the pre- 
dicted planet, Neptune, w^as revealed to his telescope on the evening of the day that the 
' communication reached him. 

One of the most important results to which the various researches Into theplam tnrj' 
perturbations have conducted is, that the major axes of the variable elliptic orbits always 
Iireservo the same values. The disturbances to W'hich cacb planet is suhjeeted, by the 
action of the others, affect all the elements of its elliptic path, except its major axis, 
which throughout every other change continues itself iuvariable ; this invariability 
insures at the same time the invariability of the period of revolution, agreeably to the 
third law of Kepler. And thus the stability of the system is secured. We are indebted 
for this great truth to the genius and researches of Lagrange. 

Masses of the Planets as compared with the Sun.— The mass of a planet 
is ascertained by observing the disturbances w’hich its attraction produces in the orbits 
of other planets, or, if it have a satellite, by determining the force exerted upon that 
satellite. The mass of the sun being represerted by uuit, the masses of the planets 
have been estimated as in the following tabl# . — 


Names of the Planets. 

Mas««s. 

[ Names of the Planets, 

i 

Masses. 


1 

I 

1 

Mercury . . . 

2025810 

Jupiter . . 

1050 

Venus . - . 

1 

i 

1 

401841 

I Saturn . • . 

3o00 

» os 

1 


1 

Karth . • 

354936 

Uranus . . 

24000 


1 

1 Neptune . . 

1 

Mars .... 

2680337 

14446 




THa XXBBS QF THB OCXAJr. 


m 

It must be mrdieratood that the num oi a body ia not the same thuifp as^ita boHc ot 
volume. The mass is ttstimoted by v^dume and density ; if one body have-only half the'’ 
volume of another, but be twice aadenae^ their masses are equal. If a planetary body 
be so minute in volume^ or so feeble in. density,, as to render its attractive energy too 
small to perturb sensibly tbJ ^lotionaof the other planets, the mass of that body can- 
not be determiiiod. On thesu locouats there is still some uncertainty as to the mass of 
Mercury ; and respecting the masses of the small planets between Mars and Jupiter — 
asteroids, as riley have beeri called—- we know nothing. In like manner, as respects 
the comets, all w'e know is, that their masses must be exceedingly small ; that is, that 
they contain but a very small quantity matter, as they produce no appreciable dis- 
turbance of the planetary movements ; indeed, it has happened that a comet has crossed 
among the satellites of Jupiter without occasieming any observable disturbance even in 
the motions of those comparatively small bodies. • 

Bclbi tf concluding tbit section on the principle of universal gravitation, Ave must 
devote a short article to one of the most noticeable effects of that principle on our own 
planet, the phenomena of the tides. 

The Tides. — The principal physical cause of those periodical oscillations of the 
surfift of the ocean called Odes is tho attraction of the moon ; the sim contributes to 
the general results, Init in a far less degree. * 

Suppose the earth were entirely covered with water : from tho mutual attraction of 
all its part.s, its surface would assume an exactly spherical form. Its rotation on its 
axis, however, as at present, would cause the equatorial parts to recede from the • 
centre, and to bulge out. * 

This receding from the centre, of the equatorial regions of tho earth, is caused by a 
new force, opposed to that of gravitation, being brought into operalion by the planet's 
rotation. It is called the cmtrifiigal force^ from its imparting a tendency in the oiitor 
particles of the rotating mass to fly off or recede from the centre. J uat such a tendency 
would be excited if the earth were at rest, and an attractive external infl.uence were 
uniformly diffused round its equatorial regions, and penetrating only to a small depth 
bcl.tw the surface. If, however, the external attractive juflucnce, instead of being 
thus diffused as a liug round the earth, wore coniined to a limited place, the bulging 
out of the watcis would of course be confined to the place immediately under the 
attracting body ; and if the force of attraction exttmded to the centre of the earth, the 
elevation of the waters would evidently be due not to the force acting on their surface, 
but only to tho difference of the forces acting on tlie surface and on the centre. The 
waters would, as it were, be drawn away from the earth by tho influence of this 
difference. 

If the attractive force of the external body extended to the opposite part of 
the cortli's sin face, then the force on the centre ^bcing greater than that on the 
remote surface, the ooilh would, as it were, be drawn away fi’om the waters at the 
further suifaec, and there would in consequence be also a bulging out there ; and as 
the difference of the ftfrccs on the centre and near surface miust be very nearly the 
same as the difference of the forces on the centre and remote surface, the W’aters will 
bo heaped up to nearly the same extent at both places. • * 

The application of these general considerations to the moon and the tides will suffi- 
ciently show that the bulging out of the waters by the attraction of the moon M (Fig. e) 
is nearly equal at the two places under the moon marked m on the earth’s surface, dia- 
metrically opposite to each other, causing the waters of the entire globe to assume a 
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I spheroidal fonn, the elevatiQiia atmnecea^tating a Buhsidence or depreoiion at C and D. 
As different ]^OTtlons of the earth's aqueous surface are brought under the direct 
^ influence of the moon, those portions in like 

manner bulge out, producing a continuous 
succession of tides^ ^ 

If the moon albne acted, and alvays moved 
directly over the equator, the interval between 
^ m two consecutive high tides would be just half a 

n lunar day. In like manner did the sun alone 

act on the waters, its motion being supposed to 
be directly over the equator, the interval would 
be ^tist half a solar day ; but the combined 
action of both these bodies causes, of course, 
the intervals to vary. ^ 

I® In the actual state of the earth, whoso 

si^oe presents both land and water, the 
phenomena of the tides cannot be expected 
to bo in strict agreement with what Ifcey 
would bo if no solid matter existed on it 
^ Headlands, coasts, the shallowness and con- 

p.*”* traction of channels, &c., continually obstruct 

' * * the free motion of the tide-wave ; these ob- 

structions often greatly delay the time of high water, and cause a much greater rise 
than would take place if the advance were unimpeded. Such local influences, indeed, 
greatly modify the results of pure theory, both as to the time and height of high water 
at different ports. Special observations, therefore, at each place are necessary to supply 
the proper data for predicting the time of high water, and to determine what is called 
the “ establishment of the port.” The height of the tide, too, often depends upon the 
set and force of the wind ; but, “of all the causes of difference in the height of the 
tides, local situation is the most influential. In some places, the tide-wave, rushing up 
a narrow channel, is suddenly raised to an extraordinary height. At Annapolis, for 
instance, in the Bay of Fundy, in Nova Scotia, it is said to rise 120 feet. Even at 
Bristol, the difference of high and low water occasionally amounts to 60 feet.*’ — Her- 
sehel. 

The same influences which produce the tides of the ocean, operate also on the sur- 
rounding atmosphere of the earth ; and produce tides in it. It is popularly supposed, 
too, that the weather is subjected to the moon’s influence ; but careful and long-con- 
tinued observation, by competent persons, has shown this supposition to be fallacious. 
A change in the moon is imagined to bo attended with an immediate change in the 
weather j it being overlooked that the moon changes her position, and passes through 
her several phases, by imperceptible gradations ; which is incompatible with a sudden 
change in the weather. 
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PRACTICAL ASTRONOMY. 

Wb have now reached — perhaps we arc somewhat beyond — the point whore the 
astronomer's labours must have ceased but for the invention of instruments, by whose 
aid he has been enabled to sweep the heavens, and reveal some of its hidden mysteries. 
We propose, at this stage of our labours, to give some description of these instruments, 
of the principles on which they are constructed, of the manner in which they tend to 
the augmentation of our power of sight, and the most convenient methods of mounting 
them, with directions for their practical application. 

The apparent sizetof an object, which, properly speaking, is the size of its image 
on the retina, depends on the distance between the tye and the object. Thu?, for 
instance, if the object be M (Fig, 

130), and the eye be placed ate, the 
right line which joins the extreme 
points, A and B, will be seen under 
theangld A o B. If the eye be placed Fig. 186. 

at the point o', or at half the distance ^at which it was previously situated, the line 

2 B 
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A B will, in tho siuue manner, bo viewed under the angle A o' B, wbioh will be 
the double of the prcc^ng, supposing that the Upe A B is ppipH in ootnpariaon with 
the distance of the object M from the eye of the observer. In the samo manner, 
the angle A B will bo three or four trmea greater, aathe distance of the object is one- 
third or one-fourth of the primitive distance. The angle A o B is, therefore, the 
measure of its apparent size (which is difiSsrssit from its realy tho latter being invariable), 
and is called the visual angle, or the apparent iiatMtar of the object. The surface of 
tfef "^Kidy becomes four, nine, and sixteen times greater, as tho distance is decreased 
to one-half, one-third, and ono-l6urth of the primitive distance. In other words, 
the diameb*’* of an object varies inversely as the distance of the eye from it, and 
its apparent area varies ijiversaly as the square of this distance. The power of the 
eyesight is limited, and it is gensrsBy held that when tho diameter of an object is 
less than a minute, the object 6ea8eB to be visible. But, the brightness of the image 
performs as important a part in this respect as its size^ as is easily proved by the 
visibility of the fixed staxs and of the planets, none of the former of which can subtend 
an angle as great as a second. Where the colour or brightness of an object, however 
differs less from the ground on which it is placed, the above rule holds true. The 
distinctness of visum^ as every one is aware, depends likewise on the distance of the eye 
from the object ; and this distance is variable for different persons. Even the one eye 
of the same individual may have a longer range of vision than the otiier. Evciy one 
^knows, also, that if an object be held at a greater or len distance from the eye 
than that which is coatomary or natural, in either case H becomes in^Ebtinct. 

In regard to ihv brightnest of any object, accordiiig salt is moitt or lass tsmoved from the 
eye, the following eoaaderations are to be taken into aocount. any bright object 

as M, rays of light axe sent in all directions, 
and from thepoint m, as finom any other point 
on its Burfiuse, these rays are sent before it, 
as represented in Fig. 137. Of all those rays 
of light, the eye only receives those which 
penetrate through the pupil a b. If tlie eye 
now approaches the object M, bo that its 
distance is onc-half of what it was in the 
previous case, and its position a' h\ the 
diameter of the cone of *light will be only 
one-half what it was in the previous ca^e, 1^'* 

and consequently tie area of the section in that part is only one-quarter of that at the 
base a b, vhcre it was equal in area to the surface of the pupil of the eye. Hence it 
follows that the opening of the pupil at «• V wiU take in a greater number by four times 
of rays than when it was situated at a b, so^ttat the light njceired from the point m will 
be four times as much in the latter case as in the former. At the ««Tn« time, however, 
as the eye approaches tho object M, a greater portion of iu surfaM is taken in, and the 
position m becoBieB four times os great. The bright light is thus q>read over a greater 
surface, and in^a like proportion ; and it follows that the brightnesi of the surface ia 
unchangeable. ‘ If if happens that this is not the case in nature, it mnst bo remembered 
that the interposition of thcjiir causes a loss of light, and even a ohange in the colour 
of objects; for distant mountains appear blue, as Ukewise does the Ay— being the effect 
when viewed through great depths of the atmosphere. Without this, a white object 
would appear of equal brightness whether it were seen close at band or at a distance. 
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XeauiMh— -Hfuiy solid bodies, and a greater portion of liquid ones, are traBspcffent ; 
but, in order that the former beeomo perfectly so, it is necessary that their surfaces should 
be highly polished, which condition is fulhlled, in liquids, by the natural effect of 
gravity. In the grinding find polishing of glass and crystal, or even reflecting metals, 
into rarious shapes, it was ea^dy discovered that various effects were produced; but none 
more extraordinary than those which took place in the apparent magnitude of objects 
when viewed through these artificial media. The fundamental law on which all ^ose 
changes are based is, that when a luminous ray passes obliquely from one transj(»jjfil^0ttit 
medium into another, it departs from its primitive direction, and undergoes a refraction. 
On this law the theory of lenses is based. 

There are two different species of lenses, the surfaces being, in both cases, 
spherical, or one of the faces may be plane. The first are those in which* the surface 
is convex or converging, and the other in which It is Concave and diverging. The con- 
V verging glasses are those 
^ which are doubly con- 
H vex (Fig. 1B8), the form 
M being lentienlar (whence 
M they derive their general 
^ nameoflenses)— 2” those 
w)nch arc plano-convex 





(Fig. 139), and Z'^ concave convex (Fic 143), the eonvexity being in this case morc^ 
eonsiderablo than the concavity — and which are likewise known by the name of 
mcnist't\ in consequence of the form of their section. The converging glasses are those 
which are doubly concave, as in Fig. 141 ; plano-concave, or convex-concave, the 
concavity being more considerable than the convexity, and likewise known as menisci. 
The radii of lenses are the radii of the spheres of which their surfaces are the segments. 

If we expose convex glass to the rays proceeding from the sun, they will he con- 
verged to a point, A (Fig. 144) ; and if 
we remove the lens more or loss away 
from the surface on which lie con- 
verging rays are received, this bright 
spot (A) will be of gi'cater or smaller 
extent. Tq that point whm it is of 
the smallest dimensione, the name 
of focus has been given, and its dis- 
tance from the nearest surface of the lens the focal distance. If we turn the Ions round, 
the effect is produced ; and if both the surfaces have the same radius, the distance 

will be alike 
in both cases, 
though it will 
vary but very 
slightly should 
be differ- 
ent —even in 
the case of a 

Wg. US. menisetts lens. 

The line a A (Fig. 14o) is termed the axis of tlie lens, and the point o its optical 
centn . In the above cose the rays are supposed to pass parallel to the optical 
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aauB ; but if they prooeei &om a luminous point, A, a short distance from the ! 
(Fig. 146), or rather if the parallel rays make a small angle with the optioal axis, the 

Fig. 146. they pass 

through the optical centre o of the lens. In concave lenses, the parallel rays of 
light which pass from an object are rendered divergent; or if already divergent, are 

rendered more so by their c — — ^ 

interposition, as in Fig. | 

Supposing that, instead 

of proceeding from a point, . 

A, the rays of light from a — ' 

luminous object, A B (Fig. ^ 

148), pass through a con- Fig. U7. 

vex lens : In this case the rays of light coming from the point A will, as in Fig. 148, 
converge to]^the point a; and those from the point Bto the focus b (Fig. 148) ; and in the 
same manner, all the other points of the object A B will bo represented by opposite 
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60eot may likewue be seen by placing a candle, A (Fig. 149), in a dark chamber, at a oer* 
tain distance from the mounted lens B, the light from the candle passing through the opti* 
col axis of the Ions, to the opposite wall, C, which is at the proper distance jfrom the 
lens to receire a well-defined image of the flame of the candle : A reversed image of 
the candle may hero be perceived, as well as of that portion of the candle which is 
illumined by the flame. 

The well-known effect of convex glasses in magnifying small objects will be seen 
from the following diagram 
(Fig. 150). The object A B 
being placed between the lens 
and its focus E, the rays of 
light proceeding from the 
point A do not lose all tlicir 
divergence, but appear to 
come from a more distant 
point fl, formed by the pro- 
longation of the line 0 A; and 
in the same manner the point B seems to be situated at 5, formed by the prolongation 
of the line B 0. To the eye situated at the other side of the lens, therefore, it will 
appear as if the object AB was replaced by the image a 5, and the latter object will 
appear more or less distant from the eye, according as the object A B is nearer or more 
removed from the focus of the lens. The lens can be so shifted in respect to the object^ 
that the image a h will appear distinct and well defined as well as magnified. We can 
readily perceive that the image a b in greater and more distant when the focal distance 
is smaller, and, in consequence, that a lens magnifies so much the more as its focal dis- 
tance is less. The magnifying power of lenses is somewhat illusory, and nearly every 
one judges differently in estimating the magnified size of the object under examination. 
This may arise from two causes — in the first place, the distance of distinct vision is dif- 
ferent for almost every person ; and, in the second place, when we look through magni- 
fying glasses, almost every guide which serves to regulate the judgment on the distance 
and size of the object looked at is removed. 

Telescopes — Every convex glass, as we have seen, produces an image of the 
object from which it receives rays of light ; and by a combination of such glasses, vU., 
by examining the image formed by one lens (as if it were a real object) by means 
of another, and thereby magnifying the image as explained in the last paragraph, dis- 
tant objects can be seen with a distinctness unapproachable with the naked eye. The 
most simple and most common description of the telescope, used by the astronomer, is 
that formed by two convex lenses, L and L' (Fig. 151) ; the first of which, from being 

turned in the 
direction of 
the object, is 
termed the a&- 
jeet’fflass^ the 
second the eya 
pieee. In this 
the abject AB, 

pasaifig through the convex lens L, forms an image ah va the focus of the lens. The 
second lens serves to magnify the reversed image 5 a in the same manner as if it were as a 
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tangible object. The image 5 « is not always at the same distance from the object-glass, 
but vatiea more or less according to the distance of the object ; and when the latter is 
BO far removed that the rays which fallen the object-glaas'may be considered as parallel — 
which is the case with all celestial objects — the image h a falls in the focus of the lens. 
As the object should be seen with the requisite distinctness^at b* a\ which is the distance 
of distinct vision, and as the latter varies almost with every person, it is necessary that 
the eye-piece should be drawn in or out from the image haitL order to give perfect 
definition. It will be seen from the diagram that the telescope docs not, like the micro- 
scope or magnifying-glass, increase the natural size of the objects viewed ; for the image 
h* a' is much smaller than the object A B, which is at a groat distance from the object- 
glass : it only tends to increase the apparent size of an object when viewed from a distance. 

To compere the size of a distant object when viewed with natural and telescopic 
sight, wc have only to compare the angles A o B (Fig. 151), ora o 5, which is the angle 
subtended by the object to the unassisted vision, and the angle e£ o* h\ which is the angle 
subtended by the image to the eye of the observer. The proportion between the relative 
sizes of the object A B, and the image «' 5', is consequently the same as that between the 
angles a oh and a o* />, and this is what is termed the magiiifying power of the telcscoi>o. 
The angles ao* h and a oh being always small, they may be regarded as in the inverse 
proportion of the two points o and o' from the image a b; or, in other words, that as these 
distances may be regarded as the focal lengths of the object and eye-glasses, that the 
magnifying power of the telescope is in the same proportion. This instrument allows a 
large of view (or the circular space which the eye would take in without the assist- 
ance of any telescope), for this depends on the dimensions of the instrument at a or 
the common focus of both lenses. Equally important with the perfect definition of tho 
object, is, as already stated, the bnghtnena with wdjich it appears when under CTaimna- 
tion. If a ray of light passes from any point, M (Fig. 152), of an object, it will fall on 
the whole surface of the object-glass, and thence through the same point, w, of the 
focus, a b, 
after which 
it will form 
a pyramid of 
rays, tho di- 
vergence of 
which will 

be lessened Fig. 152. 

by passing through the eye-piece in such a manner that they will appear to come from 
the point m' in tlie image a' b\ If the eye viewed the image, a d, without the inter- 
position of the eye-piece, it w'ould only receive a portion of the light and rays 
emitted from the point M, many of the outer diverging rays having been lost, 
the opening of the eye being too small to take the whole in. But by employing 
a second convex glass, the divergence is diminished, and tho eye receives the whole 
of the light emitted from the point M, which falls on the object-glass. Comparing, 
therefore, the brightness of an object, as seen witli tho naked eye and seen through 
a telescope, ancf supposing, in the latter case, that all the light passes through the 
lenses, it would follow that Jtho light received by the eye, in using a telescope, 
would be as many times greater than that of the eye, as the surface of the object-glass 
exceeds that of the pupil of the eye. This, however, is only theoretically true, fof there 
is a considerable absorption of light by passing through the lenses, as well as by refiection 
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from their surfacos. If the size of the objecte was increased by the telescope in the same 
proportion as the brightness of their surfaces^ it vould foUow that the In^ightness 
would always remain the same. The magnifying power, howcTcr, is quite distinct irom 
the illuminative power of the telescope, the first depending on the proportion between 
the focal distance of the two lenses, the latter upon the aroa of the object-glass. It thus 
happens that the brightness of the image will vary greatly with the power applied ; 
and, with high powers applied to the same telescope, the objects become dim and inde- 
finite, and the two excellenoies of brightness and good definition are very difdcuH to bo 
obtained. 

This desmption of telescope was not, however, the first invented. The optical 
principles on which its construction is founded were not started b]^ Kepler until some 
time after the discovery of Galileo. In this latter form, the object-glass, as in all 
other instruments of this soil, is a convex glass, buU the eye-piece is a concave one, 
the focus of which is very shoi^ The disposition of the lenses is seen by the dia- 
gram (Fig. 153,) Tho 
Tc versed image of dis- 
tant objects produced 
by tho ohject-glaas L 
is formed in a h, but 
tho concave cye-piee© 
is placed between the 
two, in such a maunof 
that the eye placed 

behind tho lens L', instead of the imago h a, will see a' V ; and tho eye-piece can 
bo BO adjusted that the image a* b' will appear well defined. This telescope mag- 
nifies the apparent diameter of objects as many times os the focal distance of 
the eyc-picce is contained in the focal distance of the object-glass. It will not 
admit of any considerable magnifying powers, the field of view being very small, on 
which account it is never used at the present time as an astronomical telescope. On the 
other hand, it is very convenient as a pocket telescope, as it does not reverse objects ; 
and as tlie eye-piece is placed between the object-glass and its focus, it is shorter than 
the common telescope. In tho common opera-glasses, which are of this construction, 
the magnifying power does not exceed three; but in some of those made by Galileo the 
magnifying power reached to thirty -two. Another form of the erecting or terrestrial 
telescope is that imagined by Bheita, in which three convex glasses, of equal but short 
focus, arc fixed in a tube, and form the eye-piece. The first of those lenses, or that 
most distant feom the eye, would give a reversed image, which, passing through the 
second one, produces an erect image, and finally, as it is before the focus of the third 
lens, it is viewed and much magnified by this one. The magnifying power of this is 
measured as in the preceding ones, being in the proportion of the focal distances of the 
object-glasses and one of the lenses of the eye-piece. The magnifying power of a tele- 
scope may be roughfy determined by comparing the sizes of an object, such as tho sun 
or moon, as seen with it and with the naked eye, and the extent of th^ field of view may 
be found by takiig^ the diameter of the sun at about half a degme. The former, how- 
ever, is determined more exactly by an instrument called the dyanomter^ which serves, 
when a telescope is directed towards tho sky, and a shelt of paper is hold behind the 
eye-^ece, to measure the diameter of the luminous circle which falls upon the white 
surface, and the best definition of which is found by trial. By dividing the diameter of 
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f the object-glasB by the diameter of this circle, the magnifying power of the teloscopo ia 
obtained. The luminoua circle is itself an image of the object-glaae, and is contained 
as many times in the latter as the telescope magnifies distant objects. 

Hitherto the object-glass has been supposed to be formed of one piece and of one 
sort of glass, but in all mcdern instruments this is not thjj case. The image formed by 
a convex glass is situated at a greater or a less distance from it, according to the 
refracting power of the glass, and is so much shorter as the refracting power is more 
considerable. In addition to this, the different colours of which white light is com- 
posed are not equally refracted and cannot have the same focus. If the eye of an 
observer is situated at the focus of the lens, he will not see the image perfectly defined 
ond colourless, but it will appear surrounded with the prismatic colours ; the violet 
rays of the object is more strongly refracted than the red ones, and will be thrown 
nearer the lens. In addition tO'^this source of indistinctness of the image, there is 
another less important^ known by the name of sj^ttrical aherraiion^ which depends 
on the figure of the lens, there being no curvature in which all the rays of light 
coming from [any object are exactly united in a common focus. In order to get rid of 
the first source of indistinctness, in using a single lens for the object-glass, it was with 
high magnifying powers found necessary to have the lens of very long focus (some of 
those used by the earliest observers were 300 feet in length), for by this means the causes 
which led to the formation of colour, viz., tlie considerable curvature of the lens, were 
diminished and the larger images were formed. By an examination of difierent species 
*‘of glass, Dollond found that some sorts refracted light and dispersed the colours much 
more than ordinary glass ; and by passing a ray of light through two prisms 
made of different glass, he had the satisfaction of finding that a white 
light was transmitted. After this, he employed the two sorts of glass in 
forming an object-glass, which would transmit light without decomposing 
it, which he effected by uniting a convex lens of crown-glass, of u greenish 
colour, wdth a concave lens of flint-glass, of a white tint. (Fig. 154.) 

■When a ray of light falls upon this object-glass, it is acted upon by both — 
that of the crown-glass renders it convergent and decomposes it, the concave 
flint lens, on the contrary, destroys the effect of the first, and an uncoloured 
image is formed at the focus. By this beautiful discovery, the refracting tele- 
scope has been made a convenient and easily managed instrument, to which 
higher powers can now be applied, and with better effect, to one of 10 feet in length, 
than to those formerly made, and which were some hundreds of feet in focal distance. 

It is a matter of considerable moment to have the telescope mounted as steadily as 
possible, and to be able to direct it easily to any particular part of the heavens, so as to 
follow any object with the requisite facility. In the following figure (Fig. 155) atclescopo- 
stand is represented, which serves these useful purposes. It consists of a firm support, 
A, resting on the ground by means of the feet B' B' B' and the rollers B B B, and two 
moveable supports, C and D D, the former of which directly supports the telescope 
and is connected with the stand A by means of hinges at M M, by which it can be inclined 
more or less to the horizon. The second support, I), is connected with the first in a 
similar manner %y thb hinges w m, by which means the angle botweq|^ the two supports 
G and B may be varied at will. The inferior beam, o o, of the branch B, should slide 
along the inclined side of the stand A A, and this motion produces the requisite eleva- 
tion or depression of the extremity n which turns on the hinge m Two endless 
chains, q q, pass round the stand A, and are attached to the ends o o of the branch B. 
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An r, terminated by two handles, t s, carries a pinion which works in a wheel 
mounted on a second axis, t; this second axis is furnished with two pinions at both 
ends, of which the teeth catch in the links of the endless chain q q. In turning round 
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the handle « », the chain is thus worked up and down ; tfic portion o o of the suppo^ 
slideeMn the inclined plane p p, and the projecting branch is raired more ot Tto 

telescope, E, resU in k «, the latter part being connected sup port C by a pm 
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at tile object end, rotmd which it can eaaily be turned as on a piFot. At the eye end of 
the tdlescope, the support u k rests upon two wheels, and a milled head, Y, attached to 
a pinion, works in the toothed edge of the support C in such a manner that in turning 
the milled head it turns the telescope to the right or left. The obseryer, by turning one 
of the handlw, s a, with the one hand ojid the milled head, V, with the other, is thus 
able to ohung^ the direction of the instrument according to his wish. A smaller tele- 
scope, Z, is <ooBBiiionly attached to the tube of tlie larger one, which is known by the 
name of the jMUflr. Having a larger field of view than the principal telescope, the 
observer can disoomliike ^'ect he is in search of with great facility, and by placing it 
in the centre of finte, he guides the larger telescope directly upon it. 

Reflecttisg If an object A B is placed before a concave reflecting 

mirror M (Fig. 156), aeimBareSbotispnduoed as when the rays of light proceeding from 
such an object 
passes through a 
convex lens. The 
ray of light pass- 
ing from the point 
Awill be reflected m 
to the point o, 
while those pass- 
ing from B will 
take the direction 
5, and the inverted 
image a h will be 

produced. The image a h can be magnified in the same manner as the ti&age fijimed by a 
convex lens, though evidently not with the some facility; ior here the image is formed be- 
tween the object and the mirror, and there is a difficulty in knowing in what manner the 
eye-piece is to be placed. To obviate thisdiffiimlty the hwasntwof this telescope, the cele- 
brated Gregory, thought of placing a smaller concave kns N {which wowld only inter- 
cept a portion of the rays proceeding flrom any object) after their passage through the 
image ah (Fig. 157), and to send than through tbs speseng at the centre of the mirror 

M, in such a 
manner as to pro- 
duce a second 
image, which 
^wttld he exam- 
ined with the re- 
(joisite distinct- 
nsM by the eye- 
piece s. By this 

combination im met image would be produced, and the telescope wouM be msed in pre- 
cisely the same planner as the Galilean telescope. The telescope independently invented 
a few years later by Sir Isaac Newton, is more simple than the former, receiving the 
rays which pasiffrom'the great mirror on a plane reflector N (Fig. 158), inclined at an angle 
of forty-five degrees, before they arrive at the focus a i, and produces the image o' 6', 
which can be examined by means of the eye-piece 0. In this form of the reflecting 
telescope, the observer looks in a direction perpendicular to that of the object observed. 
In order to obtain as much light as possible, a considerable portion of which was lost 
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I by being reflected from tacoeesiTe eurfaces, Horschel conceited the plan of inoliniAg 
I great concaTe mirror at a smaU angle to the object obBeryed, by which meazESthe raya of 

light proceeding 



from the object 
A B (Fig. 169) 
were reflected to 
6 a, and the im- 
flge thus formed 
could be ezam- 


Fig. m. 


ined in the ordi- 


nary manner by 

the eyo-picoo, the back of the observer being tamed to the object. This disposition 
(termed ^y Herschcl Jront viw) is, however, only sutted for instruments with large 
apertures, in which the loss of light ii less than when reflected from a second mirror. 

The great forty 
feet telescope of 
Herschcl, with a 
mirror of four feet 
in diameter, was 
mostly used in this 
manner, tiic ob- 



server being placed ^ Fig. 159. 0 

in a gallery at the 

end. The engraving at the head of this section of our work gives a view of this magnificent 
instrument, which was moved upwards and downwards by means of numerous rope® 
and pulley?, whilst the motion to the right and left was facilitated by rollers. With this 
mighty tube Herschcl was able to apply a magnifying power of six thousand I Unfortu- 
nately it was too much exposed to the weather ; the polished mirror -was dimmed in one 
night by the damp atmosphere mnd the instrument remained in use for only a very few 
years, when it was found unfit for service. 

InstramentB fox MeaMOliie the Angle. — Hitherto our attention has been 
directed to instruments of greet magnifying power, intended to bring distant objects 
nearer to the observer. We have now to speak of graduated instruments of more 
delicate construction, by whose mid the astronomer is enabled to measure, with wonder- 
ful accuracy, the sise saad diitence of celestial objects ; and by which also is obtained 
the true solar time, by oompaiing their angular distances from other well-known objects ; 
in other words, by measutisg their angle. 

In order to aooomidldi let os imagine the mrcnnifrnpeiice of a circle described on 
its plane, having its summit as a oentre. The length of the arc of a circle is described 
between the two sides of an angle, valued by means of a particular arc taken as unity. 


Fig. 160. « 

XbsB arc, by common consent, is taken as the three hundred an^ sixtiiAh part of the 
entire circumference, which is called a degree, marked thus, 1® ; and the angle which 
oorrespoods with it is the angle of a degree (Fig. 160). * 

It Arely happens, however, that the angle we seek to determine comes out exactly in 
degrees. It becomes necessary, therefore, to divide the degrees into fraetimial parts. For 
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this purpose the degree is divided into sixty parts, called minutes, written thus, V, For 
further aoeuracj the minute is again subdivided into sixty parts, called seconds, written 


thus, 1". Whoa 
the instruznehts 
which we are 
about to describe 
are properly ar- 
ranged, and the 
two telescopes 
are presented to 
their proper side 
of the object 
whose position 
or magnitude is 
to be measured, 
the angle is read 
off the graduated 
scale which sur- 
rounds the cir- 
cumforcnco of 
the circle by 
means of an in- 
dex, %hich ex- 
tends its limb 
over the whole 
length of the arc. 

In measuring 
the angle by 
the visual rays 
which abut on 
each side of an 
object, two ope- 
rations are re- 
quired. The two 
rays of the gra- 
duated ciide 
must coincide 
with the two 
sides of the an- 
gle, which is ef- 
fected by view- 
ing it succes- 
sively in the 
direction of each 
of its sides; the 
object being to 
value the de- 



grees, minutes, and seconds contained in the arc of a circle comprised between the two rays. 
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The Sepeetlse Clirole consists of a graduated circle A A (Fig. 161) divided Into 
S6(r with Iheir respective fractional parts, and fitted with two telescopes furnished with 
micrometers, the telescopes varying in power according to the size and value of the 
instrument, and the whole mounted on a pedestal, as represented in the figure. It is 
also so arranged as to permit of its being turned in any required direction. The circle, 

A A, turns on its own plane round an axis implanted in it perpendicularly and in its 
centre. This axis traverses a socket, B, which is fixed to the horizontal axis, C, and 
is terminated by the weighted drum of the pedestal D. This weighted drum is in- 
tended as a counterpoise to the circle and its telescopes, and to prevent it from swinging 
while turning on the axis C ; the extremities of the axis C are supported by the mounted 
frame E, which is arranged so as to turn freely in the openings left by the mounting. 

In short, the pedestal, F, can itself turn, with all it carries, round an axis which pene- 
trates its interior, and which is fixed in the foot of the instrument. By this disposition 
of its parts in turning the circle round the axis C, and at the same time turning all the 
instrument round the axis of the pedestal £, the plane of the circle can be trained in 
any desired direction. 

A telescope, S S, is fixed on the upper face of the circle in the direction of one of its 
diameters, which turns freely round its centre without efibrt. A second glass, 1 1, is 
adapted, in the same manner, to the under- face of the circle at an angle with the other, 
but so adapted as to turn freely and independent of the circle. The eccentricity of the 
under telescope, and the great distance of the objects usually under observation, render 
the errors scarcely appreciable. 

In Fig. 162, is represented an enlarged portion of the circle, showing the gradu- 
ated scale and the extremity of the piece, /r. 
The screw a is pierced with a rectangular 
opening, traversed in its middle by the screw 
bf which is formed to turn upon itself in the 
collars fixed at the two extremities of the open- 
ing, a. Screw e acts upon b, and is besides 
attached'to the clamp d, which clasps the edge 
of the limb above and below. The screw e is to 
regulate the place of the clamp on tho opening, 
pressing the edge of the limb between its jaws, 
and thus fixing the screw, c, to the limb. When 
it is required to display the telescope rapidly, 
it is necessary to press the screw c, which throws 
it loose, BO as to move round the circle under 
the impulse of the hand. When the glass has 
nearly attained its proper position, it is trained 
more exactly’by turning the screw e. The vice 
d and the screw e are acted on and fixed again 
to the limb, and by turning the screw a slow 
movement is communicated to tlie screw a, which 
trains the telescope to the'bxact rfpot required. 

Another disposition has been adopted for producing, m an analogous manner, the 
movement of the circle round its centre. The axis, after having traversed the socket 
BB (Fig. 1^1), and the cylindrical counterpoise 3) slightly inclined from below, and comes 
a toothed wheel of the some diameter as the counter weights. An endless screw is con^ 
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nooted witiithia vheail^ and ia cameid by a collar fixed to the oouaterpoiae Di) ae is shown 
^ the endless screw ahm moved by turning one 

milled heads, the toothed wheel with which it is 
. connected will receive a rotatory motion^ in which the circle to 
m S which it is 

fixed by the* 
same axis 
i &y will neoes- 

I "‘j cipate. But 

j screw 

I jfiC li o b may be 

/^r \ A withdrawn 

I I B ^ 

\ S toothed wheel in such a manner as to stop all communication 

between them. To do this, it is only necessary to turn the 
finger a of the screw when the two are disengaged, as in Fig. IG l. 
Having thus explained the mechanical details of the lupeating 
A' circle, its application to measuring the angle is as folloa^s 

Let A and B (Fig. 165) be the two distant points, which 
F V sides of the angle to be measured. Having placed the 

* W S i^pper glass at zero of the graduated scale, and fixed to the 

I I *2 circle in that position, the circle is now placed in the plane 

£ of the angle aud made to turn in this piano, so that the lelc- 
^ directed towards the point H, the other 

* telescope being directed to the point B, the circle remaining in 
j the position Fig. 165. The circle is now to be turned until the 

^ lower instrument is directed towards the point A, as in Fig. 166. 
if The circle being again fixed, the upper telescope is detached and 

g trained so as to be directed to the point B, as in Fig. 167. The 

f I *2) upper instrument ia thus made co describe an angle exactly 

I S double that sought for, and the index travels over the limb the 
V. oxactmeaeure of this double angle, which it represents in degrees, 

minutes, and seconds ; dividing this number by two, the exact 
™ value of the angle is obtained. Supposing the operation to re> 

zl ^ quire confirmation, the same process may he repeated, turning 

whole instrument round the axis of the circle, so that the 
g upper telescope is again directed towards the point A, as in 168^ 
jf ^ the other detached and turned towards point B, as in 169, w'bcn 

the Instrument stands exactly in its first position, as at Fig. 165, 
V M* the only difference being that the index, which at the beginning 

Vjr/B oporatiouVas at zero of the grmfuated scale, has, at the 

end of the first operation, travelled over it double the distance of 
the angle sought ; anA, at the end of the second operation, this distance from zero, is qua- 
drupled ; in order to get the exact value of the angle, the portion of the circle thus 
travelled over' has to be divided by four. In order to dimini^ the chances of error in 
reading off the scale at the end of these operations, four different verniers, regularly i 
f iihdlvidsd, are fixed upon the circle \ one of the indexes only which accompany these 
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verniers is e^aployed to deternuno the entire number of divisions of the limb whiofa 
the telescope has turned; hut the four vemlerB give each besides a value of the 
fraction of division which is to be added to the entire number, and it is the mean of 
their indications which is given as the value of this fraction of division. The micro- 
scopes M M (Fig. 161} are st> disposed that the divisions of the vernier can be easily 
observed, as well as the coincidence of one of them with the scale of the limb itself. 
It is hardly necessary to add that the repetition of the operation secures immunity from 
error, and that it also gives its name to the instrument. 

To Meaaiure U&e Zenitli Hlatanco. — ^In measuring the angle wc have real 
objects to deal with ; it is otherwise in the present operation. We name the zenith 
that point of the heavens to which the vertical line is directed,' and this direction is very 
neatly indicated by the jdumb-line (Fig. 170). The zenithal distance of a point is the 
of this point andof the zenithv-that is to say, the angle that Uie 
‘ ray directs towards the point made in the vertical at the place of observation. 
The zenith is not, as we have said, a point that we can observe with an instru- 
ment; but the zenith distance is, nevertheless, to be found by the following 
operation : — In order to render the repeating circle available for measuring 
tlie zenith distance, the axis of the column F (Fig. 161) is rendered pt-rfectly 
vortical For this purpose three powerful screws, G, are required, on w^hich 
the instrument is to rest, turning these 
screws until it is perfectly level, which 
is ascertained by means of a spirit level 
fFig. 171) iixed to the tube of the lowt*r telescope, 

in a horizontal position, while the circle itself is nearly vertical, as in Fig. 172; the 

screws, M w ^ (Fig. 174), being used to regu- 
late the position and render the whole per- 
fectly square. 

Having ascertained that this position is 
j attained, turn the whole instrument round 

the axis, F (Fig, 172), until the spirit level 
is parallel to the line p q and perpendicular 
to the lino m n (Fig. 173). 

f! 


Fig. 170. 




Fig. 172. rig. 1/3.^ 

* The* axis of the column of the circle anvl tl\o plane of the circle being thus rendered 
perfectly vertical, the upper telescope is tq be turned upon the circle so that its index 



THE THEODOLITE. 


stands at zero of the gpraduated scale, and the circle is fixed in this position. The circle 
is then tamed with the telescope, first around the axis of the column so as to lead the 
vertical plane of the circle by the point A (Fig. 174), and 
afterwards round the axis of the circle so as to train the 
optical axis of the glass exactly towards the same point. 
I circle being fixed in this position by means of the 

^ tangent screw acting on the extremity of its axis, a half 
I I given to all the instrument, which carries it round 

I J S the column, placing it in the position indicated 

detaching the instrument, and training it along 
round the axis of the circle in such a manner as to point 
^ towards A (Fig. 176). It is clear that in this movement 

_ X the telescope has made an angle double the zenithal distance 

# AOZ (Fig. 179), which is to be determined ; and that by read- 
ing the number of degrees, minutes, and seconds of tho 
,»r graduated scale to which the index, which accompanies 
"2 the telescope, corresponds, we have only to take the half 
b of this number to have the value of zenithal distance. 

The operation may here terminate, if the operator is 
satisfied with the measure obtained ; but should he w'ish 
\ , to verify the calculations by increasing the multiple of 

^ the angle, he may continue the operation by making a half 

turn round tho axis of the column, crossing the circle in 
^ its plane, so that tho telescope, which remains fixed, is 
f V again directed towards the point A (Fig. 178). 

4 I The instrument is now in exactly the same position 

Jr ^ operation ; but the index, in 

place of being at zero, is now at an angular distance from 
^ 2 ero just double the data we seek to value. A new opera- 

« A tion, exactly like the first, consequently gives, at its termi- 

nation, a value of four times the value of the zenithal 
\ I distance, and Uie sum found, divided by four, will give tho 

S precise value. 




The Tbeodlolit*. — The repeating circle measures with great exactness the angle 
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II O B (Fig. 179), formed by the right two points A andT^TthT 

Ea Z 0 1 Wem. the vertm 

FeutedinFig.180. rip. isa ■* • 

^^^ical, *<= other hon. 

^ rpf “rolea, A, ia adapted to the horizontal azia B, round 

round wwT”th i'* exhemity of the Tcrtical aria C, 

round which the ci rcle A and th e axia B.can be turned by one common movement. 
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The weight D acts as a counterpoise to balance the circle A, preserving it steadily on the 
vertical aiis C. The second , circle, E, has it centre upon the same vertical axis C, 
and turns on its plane round the axis. The foot of the instrument is furnished with 
three double screws like the repeater, by means of which the instrument can be rendered 
perfectly vertical, which is ascertained by means of the Spirit level, F, on the axis B. 
This spirit level is not carried round with the circle, as in t^e repeater, but a slight motion 
can be given to it by means of the screw thus slightly raking or depressing one of its 
extremities, and making it turn round a small axis at iti other extremity. In this 

n manner it is so managed that the bead of the level will be exactly in 
the centre of its tube W’hen the axis C is in a vertical position ; 
and, consequently, the plane of the circle A will he vertical also. 

As a test of circle and the axis C being perfectly vertical, and the 
axis B horizontal, the moveable spirit level* Fig. 181 , is used. | 
Fig. 181 . This infitrumont is made so as to rest on the axis B; the feet of I 
the spirit level being adapted to it for that purpose, while it is supported in its place | 
by the fork A (Fig. isO). 

The telescope G is adapted to an inner circle, which mOtes round the interior of | 
the circle A. In like manner the parts of the instrument attached to the horizontal 
circle, E, arc fixed to an inner circle, which moves round its interior, the outer extremity ! 
of each circle carrying a graduated scale, to which the inner cirolc acts as an md(‘x guide. i 
A clamp, having an adjusting and guiding screw, servos to fix the circle E to the , 
pedestal, while another clamp, #*, in a similar manner, serves to fix the upper parts to ; 
it ; and a third clamp,/, serves to fix the limb A in such a manner as to be in opposition i 
to it when turned round its centre. A fourth clamp, not seen in the figure, attaches ' 
the telescope G to the circle A, 

A second telescope, H, is adapted to the podc'^tal of the instrument, whose move- 
ments from its position arc very limited ; it seivcs no other purpose, however, than to ; 
keep the foot of the instrument steady while the observation is in progress. With this ‘ 
ohjoct, profiting by the limited movements it can take, its optical axis is trained in the 
direction of a point which can he easily re('ogniz(‘d ; and from time to time, while ; 
shifting the instrument, Bstves to assure the observer that the telovscopo is directed to the i 
same point as at the commencement of the operation. A guiding-screw, <7, in the : 
foot of the pedestal serves as a slow movement by which the optical axis of tliis glass ' 
may be trained to the iMuircd point. i 

> To measure the angle comprised between the two vertical planes passing between > 
I two objects, turn the whole upper part of the irmlrumcnt, independently of the gradu- | 

' ated limb, E, so that the index traced upon the inner circle coincides with zero of the ; 

graduation, and fix this ciroh’ to the limb E in this position by means of the clamp e. { 
i By turning the limb E and all it carries, and at the same time moving the tc‘lee(‘opo G 
I round the centre of the circle A, so that the optical axis is directed to the first of the ' 


two objects to be observed o]»on, tlic first opciafion is comjdcted. Fix the limb E in this . 
position by meqjis of the clamp d, for the second operation, throwing loosc at the sainc ' 
time tho clamp p, and turning the upper instrument round its axis so as to lead the ' 
telescope G dfrect to the second object. The index of the circle moving in the interior of 
the limb E has described unon this limb an arc representing tho value of the angle 
sought, and of which we can read the value on the graduated scale. 

If it is intended to apply the principle of repeating the angle, fix the higher instru- 
ment to the limb E in the. position it has now attained ; loosen the clamp d and turn 
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the limb E, with all above it, so that the tclescopo O is again directed to the first 
object. Fixing the circle E in this position by means of the elarap and turning the 
upper part of the instrument until the telescope G is directed to the second object, and 
it is (dear that the index of the inner circle has described another arc equal to that 
already described in the first operation; and so on, continuing the same series of 
operations until the multiple is sufficiently enlarged to secure a result free from error 
when it is reduced to its real value, which is dono by dividing the gross result by the 
number of multiples. The readings on this instruineut is accomplished by means of 
verniers, whose divisions are enlightened by small plates of polished glass w ?w, and by 
I the microscopes, n Uy trained on the scale ; by these means indications are easily read off. 
j The Altitude and Azimuth Instrument. — This is tiic most useful of all 
the portable instruments, and to the scientific traveller an invaluable one, measuring 
with great accuracy both A^crtical and horizontal angles. 

In applying tho instrument to astronomical purposes, it was formerly the custom to 
clamp it in the direction of the meridian, and after taking au observalioTi, or series of 
observations, with the face of the instrument one way, to wait till tho next night or till 
opportunity permitted, aud then take a corresponding series of ohservatio.'.s of the isamo^ 
object w’ith llie face reversed, by way of verification. 'I’his is now seldom practised, 
being obviously imperfect. Tho instruraent consists of a central tri|»oJ, to which is 
fixed tho azimuth circle, having a horizontal motion of about three degrees, sc* that its 
zero can be brought exactly in the meridian by means of a slow moving screw beneath^ 
the (urclo. The tripod rests up&n foot screws, wdiich are described by Mr. Trougbton 
in the memoirs nf tlie Astronomical Society, as “ being double, that is, a screw within 
a sciow, the exterior one having its female in tho cud of ih-o tripod, and the 
female of the interior screw being wuthin that of the exterior,^’ by which ingeni- 
ous coiitrivaneo three distinct motions are gained for regulating the azimuth. Brass 
cups aie iilaccd under the spherical ends of tho foot screws; this screw, invented by 
I Mr. Troughton, is intended to give a very slow motion to one of the feet, and the foot of 
I tho tripod is designed to be placed either north or south. Above the azimuth circle, and " 


I concentric with it, is a strong circular plate, which carries tho whole of the upper 



Ilising tVom this plate are two strong conical pillars, on which the transit instniincnt is 
support<*d Upon tho axis, as a centre, is fixed a double vertical circle with tho telescope 


j between iliein, tho circles being fastened together by small brass pillars, while the gradu- 
ated scale is made on a narrow silver ring, inlaid on the outer fiico of one of the circles. 
Two reading miciosiopes arc placed at (ach extremity of the circle, supported by two 
attached near the top of the pillars. The adjustments re{piirod aru as follows : — The 
i horizontal circle is first to bo leveled, which is to be effect'd in tho same manner as 
j with a the(»dolitc. The axis of the telescope must also bo leveled, as in the transit 
I instrument, und the spider lines adjnsfi d fi>r coilimalion am] verticulily. meridional 
I point on the azimuth circle i.s its jcai’ing wl cn the tdcscopcis pointed north or 
south, and may be determined by observing a ttir at equal pltitude^cast and west of 
the meridian, end finding the point midway bt tween the two obse^'ved azimuths; or the 
instrument may ho adjusted to tlie meridian, in the same manner as a transit. The hori- 
zontal point of the altitude ci’-chjis its reading when the axi*of the telescope is horizontal, 
and mivv be found, as Avith the mural eirelo, by alternate ohsorvalions of a star directly 
and reflected from the surface of mercut ^ . The telescope usually carries in its principal 
focus a spider line micrometer, as in the fci’ansit instrument to be described presently. 
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Fig. 182. 


The Micrometer. — We have had occasion to mention this instrument, and a 
short account of it may not be out of place here. It consists 
of a system of very fine wires (Fig. 182), by which the apparent 
magnitude of heavenly bodies may 'be measured, and the exact 
moment of their transit across the wires calculated with great 
exactness. In the case of refracting telescopes, the micrometer 
is fitted in the instrument itself. In circular instruments, and 
the larger instruments of observatories, it forms a part of the 
microscope attached to the outer edge limb for reading off the 
gradu ated scale. 

When a telescope is fitted with the micrometer, the right line of 

t the optical axis o (Fig. 183), 

exactly coincides with the 
-2 crossed lines 

R. When it receives the ray 
rii?- lb3. it is very obvious that» 

by a proper arrangement of wires, the utmost exactness of observation may bo attained. 
The micrometer is usually formed of the finest platinized wire, having three horizontal 
and four traftsverse 
wires. When the tele- 
f scope is furnished with 
this instrument, the re- 
ticulated frame A (Fig. 

184) is placed at the 


- 7 \ 



Fig. m. 



Fig. 185. 




ng.uf. 


Fig. ISO. 


end of the tube U C, near the eye-picce, M’hich again shuts into the principal tube D of 
the telescope. On the other hand, the object-glass E, F, formed of two lcnse.s, also 
shuts into the same tube, each requiring to have their focal distance from the object- 
glass adjusted either by the hand or by means of a guiding screw. 

In the case of circular instruments, the micrometer is fitted in a microscope, as repre- 
sented in Fig. I8d. 

It is firmly fixed 
in its position, so 
as to enable the 
observer to read 
off the angle from 

the graduated scale on the outer side of the limb C D. 

In small instruments, the screws which serve to fix the 
microscope m its position are 
usually arranged so as to re- 
gulate its distance from the 
limb of the circle. In the 
body of the microscope at a 
are placed two wires, cross- 
ing each other diagonally, 
v.'hich may be made to tra- 
verse the field of view, either 
horizontally or perpendicu- 


larly, by turning the micrometer screw, crt, working in the box underneath it. 
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Figure 186 represents the field of view, with the magnified bars of the graduated scale 
as seen through the microscope. A small mirror, I (Fig. 185), is sometimes fixed to 
the micrometer, arranged in stich a manner as to throw the light of a lamp or a jet 
of gas upon the part of the limb which is opposite to the microscope ; it is sometimes 
pierced with an opening in the centre, which receives the rays and serves to illumine 
the microscope itself. In thc^larger instruments of observatories, they are fixed in the 
wall which supports the circle, the graduated scale being illuminated by a lamp or jet 
of gas. The shaded part represents a diaphragm with the cross wires, the angle of 
which may, by turning the micrometer screw, be bisected by any line on the circle 
in the field of view. On the left hand of the diaphragm, is a comb, or scale, each tooth 
of which represents one minute, and one revolution of the screw moving the wires over 
one tooth of the comb is equal to one minute of space. 

The adjustment of the microscope consists in makj^ig the cross wires in its locus, 
j and the divisions on tic circle both appear at the same instant of time, and free from 
, parallax, the adjustment is sucli that five revolutions of the micrometer screw shall 
measure a five minute space on the graduated circle. For the former of these adjust- 
ments in the telescope draw out the eye-piece until the distinct vision of the wires is 
obtained, and the divisions or bars of the instrument arc well defined, 

The motion of the comb, or scale of minutes, is regulated by a'tecrew, and the i^icro- 
I meter head by friction can bo made to read either zero, or any required second when the 
j cross wires bisect any particular]bar, by holding the milled head'of the micromeUT screw, 

I The Equatorial. — The instruments we now come to describe belong exclusively* 
' to obs(‘rvatorie8, and in these establishments the equatorial is specially adapted to mark 
' the diurntil movements of the heavens. The axis A A (Fig. 188), round which the 
whole of the instrument can turn, is so arranged as to follow the axis of our planet 
I the earth, and it carries, laterally, the graduated scale B B, which can turn both in 
I its plane and round its centre. The telescope C C, fixed to this circle follows its 
movements, and its optical axis thus makes an angle variable with the earth’s axis A 
second graduated circle, D, D, whose plane is parallel to the celestial equator, and having 
the axis A A as its centre. It is fixed in such a manner that it follows all the movements 
of the instrument in its rotations round this axis ; the position of this second circle 
determines the attributes and gives name to the instrument. The clamp E E, with 
guiding and reversing screws, intended to fix the circle and the telescope to the axis A A, 
i when the circle turns round its centre, is carried by the pieces F F attached to the 
i axis. Two micrometers, G G, arc adapted to the extremities of the cross beam, firmly 
1 attached to the axis in such a manner as to permit of the divisions of the graduated 
I scale carried on the side of the limb of the circle being read off. Other microroetets 
are attached to the mason -work which carries the extremities of the axis, and are 
intended to read the graduated scale of the second circle D D, which in this instance 
is on the upper face, and noton the outside of the limb. Such an instrument affords 
great advantages in measuring the relative position of two contiguous bodies, in 
measuring the diameters of the planets, &c. The circle which is connected with the 
polar axis is graduated into hours, minutes, and seconds of time, to fhdieatc the right 
ascension of the object under examination ; while the circle connected with the decli- 
nation axis is graduated into degrees, minutes, and seconds of arc, to indicate declination 
or polar distance. • 

Frem this disposition of the instrument it will be seen that the optical axis or line of 
collimation of the telescope turns towards all points of the heavens, and in making it turn 
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A particular piece of mechanism, K, permits the equatorial circle, D B, to be put in 
communication with a clock movement, so disposed that the circle, D D, performs an 
entire turn on its axis in a sidereal day. If the optical axis of the telescope is directed 
to a star after the circle B B is fixed to the axis A A, and the circle D D put in commu- 
nication with the clock-work, the whole instrument will be carried along with it, and 
the telescope will continue to follow the movements of the star ; thus affording a means 
of verifying the uniform rotatory movement of the celestial sphere, after having made 
due allowance for the effects of atmospheric refraction. 

The telescope of the equatorial requires to be in such a position that it can be 
directed to every part of the heavens above the horizon. This renders it necessary that 
the instrument should be so placed as to be clear of interruption from neighbouring 
objects. It is usual, therefore, to place it in the upper part of the observatory. The 
engraving at page 273 represents a section of the equaiorial room of the Paris observa- 
tory, Fig. 187 representing a part of the instrument, of which we shall hero give a 
brief description. 

The axis is supported at its lower extremity by a massive piece of masonry, L, its 
upper extremity being supported by the iron beam made os light as the safety of the 
instrument and steadiness required will permit. The instrument is protected from th»» 
weather by a roof in the form of a hemispl»#re« having a long opening following its 
vertical plane, and formed with doors sliding laterally so as to leave a free opening in 
every required direction. By this arrangement the glass can sweep the heavens on its 
vertical plane from the zenith to the horizon ; and by sliding the other parts of the* 
roof, the whole of which ls placed on friction rollers, and furnished with a crank, E, 
for the purpose of moving it, every portion of the heavens can be swept with the 
instrument. The equatorial, consisting, as we have seen, of one circle, parallel to the 
plane of the equator, and of another circle whioli follows the axis of the earth, is arranged 
so as to coincide with any circle of declination, and is well adapted for measuring 
the differences of right ascension and declinations of two neighbouring stars. 

The Transit Ziuitrument, — The place of an object in the heavens is mostly 
defined by two elements, viz., by its right ascension and north polar distance. In the 
first approaches to accurate results of observation, these elements were generally deter- 
mined by a mural arch or quadrant, firmly fixed in the direction of the meridian, the 
positiciii of which was frequently checked by equal altitudes of stars. It was by means 
nearly similar that Flamsteed observed his catalogue of three thousand stars, which 
ha.*! been so ably reduced and edited by the late Mr. Baily, and is generally known as 
the “ British Catalogue.'' 

Lacaillc, at the Cape of Good llopc, observed his zones in like manner, using cer- 
tain wx‘11- determined stars as “zero points," whose positions had been obtained by inde- 
pendent methods. The first astronomer was content with noting his obsorvaiions to 
seconds of time— an accuracy which, from the imperfection of his instruments, he 
considered to bo quite sufficient. The invention of the transit instrument by lloemer» 
in the year 1690, cnifbled astronomers to make great advances in the accurate determi- 
nations of right ascensions. This clement, tho most delicate and important, essentially 
depends upon time, and is, therefore, more difficult of direct cstfmatioi>than the other, 
which consists of angular measurement, read off on graduated instruments, which modern 
artists have been enabled to bring to an astonishing degfoo of perfection. The transit 
instrument has been successively improved since the first idea of Boomer. Dr. Halley, 
when Astronomer Eoyal, introduced itsust' at Greenwich, the construction being similar 

ai 
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to that given by Lerrebow in his ** Praxis Astronomiro.” In this arrangement the 
telescope was placed twenty-six inches nearer one end of the axis, instead of being cen- 
tral— a construction which evidently rendered the determination of error of collimation 
very troublesome. 

The form of the transit instrument used by Dr. !f»radley (the next Astronomer 
Royal) differs little from that adopted in modern times, viz., a telescope fixed at right 



angles to a cross axis, and capable of taking all positions in the meridian of the place. 
This axis terminates in two cylindneal pivots, resting in Y's, so Jhat they only toucli 
in two points for Jh® purpose of diminishing the friction. One of these Y^s is moveable 
in such a manner as to correct either an error of hoi izontality of the axis, or an error 
of deviation from the meridian. The instrument is furnished with a graduated setting 
circle, sometimes placed at on(j^ extremity of the axis concentric to this axis (as was the 
case formerly with Troughton’s Greenwich transit instrument), or two small divided 
circles placed near the eye end of the telescope. In the common focus of the object- 
glass and eye-glass, a system of wires is placed for the purpose of defining the position 
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of an obect as it passes through the telescope. These wires are of extreme tenuity, and 
generally consist of five or seven vertical wires and two horizontal 
(Fig. 190), the central vertical wire closely approaching to the me- 
ridian. Tho object of the lateral wires is to dimmish the error of 
estimation of a star’s transit, by taking the mean of all, since the 
time of transit over a single wire would be liable to some uncer* 
tainty. To prevent any error arising from parallax in the observa- 
tion of the wires, the eye-piece is moveable by a screw, so that the 
transit over each wire may be observed in the centre of the field. 

The adjustments of a transit instrument are, first, that its optical axis, or the line join- 
ing the centre of the object-glass and the middle wire, be perpendicular to the axis of 
rotation ; secondly, that the axis be horizontal ; and, lastly, that when corrected for 
the two preceding ad’ ustments, the line of collimatior^ describes the meridian. 

The other instrument, equally important in connection with a transit instrument, is 
a sidereal clock, heating seconds, and so regulated that the hour-hand will describe a 



complete; revolution, or 86,400 seconds, from the time of a star’s transit over the meridian 
fibre to its return to the same point. The difiVrence of the clock’s gain or loss from 
this number is termed iU rate; tho excellency of a clock, therefore, depends on tlf^ 


steadiness of its rate, end every means are taken by mechanical refinements to preserve 


its uniformity. Astronomical clocks arc generally fimished with mercurial pendulums 
for the purpose of compensating for extremes of temperature. 

The transit clock requires to be mounted on a pier of solid masonry for the purpose* 
of insuring steadiness. • 

Tlie method of oLserviiig transits is as follows -.—The observer, being comfortably 
seated (the telescope having been previously directed to tho colimating star), notes 
carefully the minute, second, and fractional part of a second at which iSk^atar transits 
each wire. The hour is afterwards noted, and the counting of the clock verified when 
the transit is completed. This is done for several objects, the mean of the wires is 
taken, and thus, the differences of their right ascensions, subject to the rate of the 
clock, can be found. The fractional part is estimated by carefully noting the position 
of an object before its passage over the wire, and after its passage over the same wire. 
Uy a little practice, the instant when it was exactly behind tho wire can be very accu- 
rately proportioned. In good observations tho mean of wires is seldom liable to an 
error greater than onc-tenth part of a second. 

Recently a new method of recording transit observations, by the agency of 
galvanism, has been brought into use at the Royal Observatory, Greenwich, which 
promises to supersede the old systems of observing. Its first introduction appears to 
have been in the coast survey of the United States, and in the hands of Mr. W’^alker, 
Dr. Locke, and Professor Mitchell, it has been considerably improved. The form of the 
invention, as described by the Astronomer Royal, is as follows : — From the principal 
instruments of the observatory, galvanic w'ires arc connected with a recording surface 
placed in another part of the building. The transit clock at each beat completes a 
galvanic circuit, which is registered by proper apparatus on this recording surface, 
consisting of a cylindrical barrel, covered w'ith prepared pajihr, Adovc the barrel 
(which is driven by clock-work regulated by a conical pendulum), a system of prickers 
is placed, carried by a travelling frame, moving slowly in the direction of tho barrel axis. 
Thus,* the pricker, which is connected with the transit clock, will register seconds on 
this barrel, and will form a series of spiral lines as it revolves. Tho method of 



391 


BINOCULAR EYE-PIECE, 


arrangement is as follows : — A wheel of 60 teeth is fixed on the escape- wheel axis, 
and the teeth of this wheel in succession make momentary contacts of the galvanic 
springs. The position of the springs is so adjusted that the effect of the wheel-tooth 
upon them occurs only when an escape-tooth has passed the sloping surface of the 
pallet, and the other escape-tooth is dropping upon its bearing ; and thus the resist- 
ance of tho springs does in no way affect the legitimate action of the train upon the 
pendulum. 

Another pricker, carried by the same travelling frame, is connected, hy arbitrary 
touch, with an index at the eye end of the transit circle. At the instant of a star’s 
passage behind the wire, the observer touches this index, which will, therefore, register 
on the barrel a series of punctures equivalent to a transit observation. An advantage 
is gained by this method, insomuch that tho equatorial intervals of tho wires may be 
reduced to thieo seconds of time-t-the duty of the observer merely consisting in writing 
down, in addition to the preceding signals, the name of^the object observed. For the 
purpose of registering on the barrel the beginnings of some minutes, and hours and 
minutes, from which tlic rest may be inferred, a provision is made by certain pre- 
arranged signals at known instants of the transit clock. In this manner the paper, 
■n,hcn taken off tho barrel, may be easily translated. This system has so far 
succeeded admirably at Greenwich, requiring only the use of tho nerves of sight and 
sensations of touch, of which there is a more intimate connection than those of the 
eye and the ear. It will, therefore, most probably reduce the amount of “ personal 
•equation.” 

It frequently happens that two observers will not give the same time of the occur- 
rence of the same phenomenon ; as, for instance, the passage of a star over the w'ires 
of a transit instrument, I’he amount of this difference, which is termed “ personal 
equation,’* varies from two-tenths to half a second, though instances have been known 
of this quantity exceeding one second of time. Dr. Maskelyne, and Kinnebrook his 
assistant, differed in this manner seven-tenths of a second. In modern times, Bessel : 
and Argelandcr have diffeicd upwards of a second. The method of determining it is I 
to compare the clock error” of one observer with that of another independently j 
obtained (at a short interval of time). Or it can be deduced by taking transits of the j 
same star over some wires of a transit instrument, by one observer, compared with the ; 
transits over other wires by another observer. Reducing each separately to the middle 
wire, the difference of their methods of observing may bo at once deduced. Wo 
refer to the annual volumes of the Greenwich observations for examples of tho first of 
these methods. 

It can also be obtained by a binocular cye-picce, an instrument which pormits two 
observers to see the star in its passage over the wires at the same time, and thus to | 
observe the whole transit. This instrument is the invenlion of the late Mr. J, Jones. I 

In order to determine the relative accuracy of transit observations at the separate j 
wires, the following method, first introduced by Bessel, and recently used by Struve 
and Dr. Oudemans, may be applied. Let ^ be the mean error of one observed wire, I 
arising from a defect of hearing, f/ the mean error produced by on imperfection in the 
sight, which may be fcaused by a wrong estimation of the time at w^hich the star passes 
behind the wire (varying with the thickness of the wires) ; then the mean error of an 

observed transit at one wire will be 

M =: “f 5). 

The enor of hearing, or a:, will arise from the estimation of the precise instant of the 
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origin of second, and will, therefore, be the same for all stars. The other will vary 
as the secant of the declination. 

Then if the transits of seyeral stars are reduced to the middle wire by the known 
intervals of the wires, and the difference of each result from the mean is taken, the 
squares of these differences will be = (« — m) M-, where n = the number of wires, 
in = the number of observed culminations. The probable error of M, determined bj 

^0*4769 0 9d8B 

this equation, will be M — —y the probable error of the value will be M- — = — . 

V w 

Forming for each culmination 5 (e-), and their sums for all the culminations of the 
same star, the equation wdll become 

(n — m) 4“ (w — 5=22 

Proceeding in this manner, Dr. Oudemans has found, from 22S culminations observed 
from October 1847 to vlctober 1848, the mean error of a single wire = 

S- 8. 

or M = v" (0*12422 + 0*06032 gee- 5). 

But the probable error s. s. 

w = 1/(0*08382 + 0 04072 8ec2 5). 

A similar investigation from October 1848 to October 1849, gave a mean error, or, 

B. S. * 

M = 1/(0*09622 -j- 0*06022 sec2 5) ; 
and the probable en'or s. s. 

w =1/(0 06492 4- 0*0406 sec2 5). 

It would, therefore, appear that his hearing had improved, whilst that his sight had 
remained the same as before. This determination rests on 360 culminations. 

Dr. llobinson has recently investigated this subject, and has introduced another 
error aribing from atmospheric tremor, which he considers to vary as the secant of the 
zenith distance. From his observations in 1830, he deduces the following probable 
errors for a star whose declination is 5 : — 

.s. a. s. 

ar z= + 0 044o y = + 0 0619, Z, or the atmospheric tremor =: + 0*0381. 

Several veara afterwauD, he found tlio following values . — 


X -jr 0*0732 y r= + 0*0554 z zzz 0*0049. 

But between tlio periods of the two ob3ei*vatiojis, new and more numerous wires had 
been inserted in the transit instrument. 

Astronomeis arc very careful that the three adjustments of the transit insti’ument, 
before mentioned, are satisfied. And, firstly, with regard to the line of eollimation : 
This adjustment is generally made by the observation of a woU-dofined terrestrial mark 
in one position (if the axis, measuring its distance from the central vertical wire (in 
terms of the micrometer) with which the telescope is furnislied. If, on reversal of the 
axis, the mark is again seen at the same distance from the central wire, the eollimation 
of the instrument is c*brrect ; but, if not, the wire frame must be moved to one-half the 
difference of the two bisections. In the practice of modern obsorvatt^rics, the complete 
correction of this error is seldom attempted, this adjustment, thcAigh probably in largo 
instruments the most permanent, being nearly corrected, and then left for occasional 
verification. 

Tke following extract from the Greenwich Observation^ 1850 (Introduction, page 
xvi.), will show the method of determining the error of eollimation : — 
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** The value of this error, which is given in seconds of space, is supposed positive 
when it implies an additive correction to the transits of stars above the pole. For its 
measurement the following method has been used 

A small transit instrument is fixed on temporary woodeji piers in the north opening 
of the transit room, and its object-glass is turned towards the principal transit instni- 
ment. In this position, when the principal transit instrument is turned towards the 
email one, the wires of the latter are seen as well-defined marks at an infinite distance, 
and the error of collimation of the principal transit may be determined by repeatedly 
reversing it, and viewing these wires. 

In NovemKi, 1846, a new determination of the value of the micrometer-screw (of 
the transit telescope) was made by means of six transits of Polaris over the two wires 
moved by the micrometer. The mean of the intervals of the times of transit was 
found to be 3m. la.*17 ; and the north polar distance of Polaris being 1“ 30' 9"*3, this 
corresponds to an interval of space = 71"'188. But, by bringing each micrometer 
j wire several times into contact with the fixed central wire, this interval was found to 
I correspond also to 4r.*368 of the micrometer. Ilcnce, one revolution == 1G"'297. 

^ ‘‘April, 29d. 22h. The St Helena transit instrument was used in the manner stated 
above. The wire appeared as a broad white line, there being no reflector ; and the 
edges of this line were observed alternately by placing upon them the micrometer 
wire of the transit instrument. 

^ “observer m. 

niuminafed End East. g 

[Micrometer reading on coincidence with collimator (12 measures) . 10*494 
Illuminated End West. 

Micrometer reading on coincidence with collimator (12 measures) . 8*80o 

Illuminated End East. 

Micrometer reading on coincidence with collimator (12 measures) . 10*500 


Illuminated End West, 

Micrometer reading on coincidence with collimator (12 measures) . 8*873 

Hence reading for true line of collimation by 1st and 2nd sets . 0 095 

„ „ „ „ 3rd and 4th sets . 9*687 

Beading for true line of collimation 9 *091 

Micrometer reading on coincidence with D or central vertical wire . 9*674 

Hence apparent error of collimation for D 0*017 


“ The illuminated end of the axis was left cast, which was also the position of the 
micrometer head ; and as the readings of the micrometer in crease as the wire moves 
from the head, D (or central vertical wire) was therefore east of the line of collimation, 
and stars pass it too late, or the error of collimation of D is — Or. '01 7, or — 0"*277. 
Also, with the illuminated end of axis east, Polaris passes the mean of wires earlier 
than it passes D ly 0s.'07, which in arc is equivalent to 0"*03 ; and the correction for 
diurnal observation is*— 0"*19. Hence the corrected error of collimation is — 0"*44.’* 
The second method of determining the error of collimation is by observations of 
the transit of Polaris, or any other close circumpolar star, in one position of the axis, 
compared with its transit in a reversed position of the axis. By proper apparatus, this 
reversal of the instrument can be effected during the time of transit. If, therefore, 
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three wires of Polaris, or X Ursoe Minoris, bo observed in one position of the axis, and 
the remainder of the transit in a reversed position, and if each set of wires be sepa- 
rately reduced to the central wire, half the difference of the two results will be the 
error of collimation for the object observed, which can be reduced to the error of colli- 
mation (in arc) for an equatorial star (dividing by the proper factor). It is necessary, 
however, in the use of this method, that the reversal be very carefully made, and that 
the mean of several results of separate stars be taken. 

lire following example of this method is extracted from the Georgetown 
Observations • — 


Transit 

of X Ursffi Minoris on 

August 7, 1845. 


End C of the axis to the cr.st. 
h. m. B. 

At 3rd wire 

.20 4 24 

• 

Moveable wire — sc 

. 20 11 3 


4 th wire 

. 20 17 48 

Here the instrument was reversed. 

X 

. 20 24 31 


3rd wire 

. 20 31 10 

m. 6. 

Interval from 

3rd to 4th wire 

. 13 24 = ^ 

•> 

4th to 3rd wire 

. 13 22 = ^0 


Difference 

= 2 ^ ^ 0 


% 

\ =1 t — to 

Interval from 

X to 4th wire . 

2 

. 6 45 =2 r 


4th wire to a; . 

. 0 43 = 0 


r — 1^' 0 ~ 2 

r — r 0 z=: 1 


2 

Error of collimation or C = o sin _ o"*303 

The third method was originally introduced by Professor Siruvc, at the Pulkova 
Observatory. It consists in mounting firmly two telescopes in the direction of the 
meridian, Uic wires of which can be adjusted on each other. It is evident that by 
comparing the principal instrument (transit or meridian circle) with each successivedy, i 
the true line of collimation may be obtained without reversal. | 

For the pui^pose of determining the line of collimation of the Greenwich transit 
circle (as the instrument is not capable of reversion), two collimating telescopes, the 
axes of which are as nearly as possible in the same line with the principal instrument, 
arc firmly mounted oh brick piers a few feet north and south of it. These collimating 
telescopes are furnished with proper wires, which can be accurately adjusted to coin- 
cidence, and will therefore represent (when viewed with the telescope of the transit 
circle) two objects at an infinite distance, and exactly opposed to each other. When a 
series of bisections is taken of each collimator in terms of the micrometer of the 
transit circle telescope, the mean of these will give the geometrical line of collimation. 
The annexed form will show the work ; — 

u 
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MODE OF WORKING THE TRANSIT INSTRUMENT. 


BOTAL OBSERVATORY, GREENWICH. 

Readings of the Transit Micrometer at coincidence of central wire with the wires of 
the Collimators, for determining the position of the Line of Collimation of the Transit 
Circle, in the year 1851.' 


Approx. Solar Time. 


h 


h 


A 


h 

Oct. 11 

7 

12 

23 

13, 8 

13, 22 1 

Observer. 

H. 

R. 

R. 

n. B. ! 

Collimator observed. 

South. 

North. 

South. 

North. 

Soutli. 

North 

South. 

Nortli. 


r € 


r 

T 

r 


r 

r 


28 S'lS 

34*572 

28-296 

34 602 

28 312 

34-580 '28-302 

34'563 

Readings 

349 

580 

294 

600 

310 

690 

318 

587 

of 

347 

578 

293 

595 

307 

590 

306 

594 

Transit i 

340 

580 

290 

592 

314 

592 

301 

556 

Micrometer. 

34,5 

581 

300 

590 

315 

585 

303 

575 


340 

582 i 

294 

598 

310 

600 

307 

584 

Snni of Readings. 

4r> 

479 ; 

567 

577 

68 

643 

37 

459 

Mean. 

28*il48 

3-1 rw* 2S-2a5 \S4 5»(i 28 311 !34 591 

28-306 

34-577 

Mean of South Readings. 


28-348 

|28-29.5 


28 311 


28 30(5 

Sum. 


62-928 

162-891 


02-902 


62-883 

1 

Conoludod Reading for ) 


r 


r 


r 

r 

line oi* Ctdlimation. j 

31'4({4 

31 -440 

31-451 

31-442 



h 


h 


h • 


;? 1 

Approx. Solar Time. 

;0et. 14, S 


22 

15 


15 

22 j 

Observer. 

1 11. B. 

J. 

H. 



1 

i 

Collimator observed. 

1 South. 

, North, 1 South. 

North 

South 

North. 

South. 

North. 1 



V 

r 

. 

r 

r 

r 

7- 


28 327 

34 .582 28-355 

;i4-.'.92 

28-332 34-026 28-284 

34-692 

Readings 

291 

614 

345 

600 

323 

626 

278 

683 

of 

330 

1 00(» 

330 

578 

329 

618 

290 

695 

Transit 

312 

593 

337 

598 

340 

692 

284 

696 

Micrometer. 

337 

012 

348 

585 

3.50 

590 

285 

685 


331 

1 604 

342 

602 

342 

605 

280 

686 

Sum of Readings. 

12S 

! 05 

257 

655 

216 

67 

501 

536 

Mean. • 

I 28 321 :34 001 

28 343 

.34-, 593 

28 336 

34 610 

28 284 

34 689 

Mean of Soutlj, Readings. 


2H-321 


28 343 


28 330 


28 284 

Sum. 

9 

62 i)22 

1 

i 

936 


62 946 


62-973 

Concluded Reading for | 


r 


r 


r 



line of Collimation. ? 

j 31 461 

31-468 



1 31-473 

31-487 
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The error of horizontality of the axis is generally determined by the application of 
a spirit level to the pivots. But it must be previously known whether the pivots are 
perfectly circular, and of equal diameter. For this purpose, careful series of levellings 
are taken in reversed positions of the axis of the transit instrument. If We assume 
the T's to be perfectly horizontal, but that on application of the level the same pivot 
shows a quantity too high in reversed positions of the axis, it is evident that this pivot 
is the larger of the two ; and it is equally evident that if the Y’s are not perfectly hori- 
zontal, we can determine the difference of the pivots from level readings in reversed 
positions of the axis. The following example, from the Oxford Observations, 1840, 
page V., will illustrate the whole process. The sign + is used when the west end of 
the axis is highest, when the east end is highest : — 


Dny, 1840. 

Position 
of Lanij) 

Level 

1 Heading. 

E.— w. ; 

Day, 184(^. 

Position 
of Lamp. 

Le\fl 

Reading. 

i E.— w. 

I 

Jan. IG 

Enst 

West 

1 " 

: +231 
— G 83 

1 +9-14 

July 10 

West 

East 

— 043 
+ 311 

(+3-54 

17 

Fast 

AVest 

, +!!>'> 
i — 3 70 

1 +56o| 


West 

W est 

-116 
— 022 

\ +5 2(r 

20 

West 

East 

I — 3 8G 
! +1*05 

j+491 


East 

Ease 

+ 4-35 
+ 412 

'-+4-86 

March 14 

West 

1 — 2 G0 ' 

^ “f" 9 61' 

1 : 

: Wcvd 

— 0 02 


Ea>t 

’ + 3 01 

1 

: West 

— 102 

i 

April 14 

1 

East 

West 

; -f-2 37 
i - 2 57 

' I -f -i-94. 

Aug 10 

! West 
! East 

— 1-09 
+ 3*80 

1 ♦ 

1 1 4-89 

15 

10 

Fast 

West 

' +450 
— OGO 

j +.r- 10 

Nov. 20 
27 

1 West 
: East 

i —5 43 
+ 0 33 

i 


Ka^t 

i -f 4-00 

; + 4 C)!! 

28 

' AVest 

- 5*83 

ll 

July 7 

FiKt 

Wost 

' -h 2*50 

— 110 

1 +3(i(> 

; 20 

1 

; East 

1 + 0 48 

i 

1 HfiSlj 


From it results, tliat when the lamp is cast the west end of the axis is highest, 
and when the lamp is west the east end is highest ; thus they show that tlio solid pivot 
is larger than the perforated one. 

i “ The angle of the level’s Y’s is the same as that of the pivot’s Y^’s, both being rectan- 
gular, or v-ry nearly so. therefore the dilTerencc of the radii of the pivots 

T''ifT<’rencc of the Level Bondings in Opposite Positions of the Axis. 

4 t/ 

“The column E — W shows the dilfercncc of the level readings, tlie arithmetical 

mean of whieli rz 5” 44-5 ; therefore = 0"’9G2 is the mass of the ladius of the 

o ’(iGO 

.solid above tiiat of the perforated pivot, and 0"'962 X l/ 2 n: F'‘361 is to the correc- 
tion to be applied to the level readings to obtain the inclination of the pivot centres. 
This correction is to l[jo added algebra icaJUj to the level readings when the lamp is west, 
and subtracted when the lamp is cast.’* m 

A careful series of levellings at different elevations of the o^jenf-gljss showed that 
there was no appreciable difforcnco in the circularity of the pivots, as the reader will 
observe by reference to the descriptions of the Altazimuth and Transit Circle in the 
Greenwich Observations, 1847 and 18-52, for the method adopted by the Astronomer 
Royaf to insure pcrfect-eircularity of the pivots. 

Dr. Oudemans, in his essay on the TJj-t iisit Instrument, gives the following formulie 
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FORMULA FOR CORRECTION OF ERROR. 


for the correction of the level indication caused by unequal diameters of the pivots. 
The error of level being determined after frequent reversals of the transit instru- 
ment, this correction may be easily deduced. 

Let 2 ^ be the angles between the pianos of the Y’s, on which the pivots are placed} 

2 /, the angles between the feet of the level, by which it is placed on the pivots; w, the 

difference of inclinations which are observed in both positions of the axis ; r and r', the 

two radii of the pivots ; L, the distance between the points, where the two pivots rest 

on the planes of the Y’s. Now /, w, and L being known, the difference of the 

radii r and r' are made known by the following formulas : — 

. 1 T . sin <7 sin 

r — r =: 2 « L sin I ■ - 

sm y 4 - sin/ 

He then gives a determination of the values before and after reversal, and finds an 
arithmetical mean of the differehees, or of w = -j- 4"*16. Since this value of found 
will depend on one unequal breadth of the extremities of the axis, the correction of any 
inclination can be obtained by the level. 

s = 

“ diu ff 4“ sin / 

In his transit circle, 2 / 98^ 40', 2 y = 91 25'; therefore 


5 = + 1 X 0-4S54 X 4"-15 = + 1"'01 = + 0*007. 

In order to eliminate any errors in the level itself, it is the practice to reverse it 
•several times, or to take a series of readings in one position, and then to turn it, end for end, 
and to take a set of readings in aif opposite position. The following is an example* — 


llOYAL OBSERVATORY, G»r.ENWICII. 


1 ! 


tL h. 

! isis. 1 

April 

11, 21. 

1 rosinon ot Ilium. End. 

East. 

i 

East Scale. 

"WCht Sc.l Ic. 

(’loss Level. 

div. 

diT. 

E 

115 2 

110*3 

W 

107*0 

119*0 

E 

lid'.? 

110*4 

W 

107*0 

119*0 

E 

115*4 

110 5 


10()*G 

119*0 

Sums 1 

r,ce*5 

688*2 

Subtract Sum of East Scale i 

CC6-5 

I 


12)21 7 


1 

1*81 

Add for inequalily of Pivots 

1 


West^Eud high iu Scale | 

* Divisions . . ) 

i 

! 

1 

Multiply by 1"*2 


1 

1 

1 

West End high in seconds 

! + 2"-17 ! 


The value of one division of the level scale may be determined by the application of 


VALUE OF THE LEVEL SCALE. 

the level to a vertical circle, moving it bo as to produce changes in the circle reading, 
and in the position of the bubble. Thus, in the Greenwich Observations, 1836, introduc- 
tion, pages xvi. andxvii., “ on January 27, the level of the transit instrument was lashed 
to Troughton's circle, and^ the circle being moved till the bubble was alternately near 
the end of one and the other ^scale, the microscopes A and B were read. This operation 
was repeated sixteen times. The mean of the results gave 2' 0'"*03 = 112*18 parts at 
one end, = 108 '93 parts at the other end of the scale; the mean value of one part 
being, therefore, r'*086.** 

It can also bo determined by the comparison of the results of the transit of a star 
observed by reflection and direct vision. A slowly moving star is generally selected for 
this purpose, four or more wires being observed in each position. The difference of the 
two results (separately reduced) is equal to double the level error of the object observed, 
which can be converted into error of inclination” fof an equatorial star by the proper 
factor. By comparing this result with the level indication, the value of one division 
, of the sc:ale may be found. 

Lastly, it can bo obtained by elevating or depressing tljc Y’s, by the proper screw, 
and finding the effect of a change of level indicative of the transits of a close ciroum* 
polar star. The level error may also be obtained by a Bohneberger's eye-piece, an 
iustrumtjiit consisting of an ordinary eye-piece, perforated at tbe side, and so arranged 
that, by means of a glass reflector, placed Hear the eye lens, inside the tube, the light, 
of a larnj) may be thrown into the instrument. In this manner the system of vertical 
and horizontal wires may he seen by directing the telescope nearly to its nadir position,* 
and placing underneath the object-glass a tiough of mercury. By causing tbe two 
images to overlap, by liieans of tbe right ascension micrometer (noting its readings), 
and comparing these with the corresponding readings for the line of collimatiou of the 
instrument previously obtained, tbe level error may be easily deduced. This method 
j is now prac tised in the use of the Greenwich transit circle. The following form show's 
1 tile readings of the transit micrometer for coincidence of the central wire for determina- 
j tion of orro«' of level of the axis of the transit circle in 18dl : — 


Approx. Solar Time 

h h 

Oct. 11,7, 12.22 

X 

h 

' 13, 22 

h 

14. 8 

h 

14, 22 

Oli^crver 

11. 

: R. 

R. 

H. B. 


J. 11. 

Ilca-ling.s [ 

of ' 

Transit ~j 

Micrometer j 

r 

31 634 
635 
•640 
•043 
■635 
(150 

! ?* 

; 31650 
•642 
•650 
•640 
•039 
'650 

31 6.50 
•658 
•660 
•650 
•643 
•648 

i ^ 

31-625 

■660 

•625 

•609 

•655 

•667 

; 3r62o 
•675 
•642 
•662 
•621 
•661 

r 

31-589 

•580 

•583 

•j78 

•582 

•580 

Sum of Headings 

•237 

•271 

•309 

•301 

•281 1 

•492 

Mean ^ i 

Srbtract from Reading ) 
for Line of Collimation ) 

31-639 
31-449 1 

31015 

31 455 

1 

31 662 

' 31466 

1 

31-650 

31 456 

31-647 1 
ei-465 j 

31 582 

31-455 

R'Miiaiiidcr 


_0;190 

1 0197 


'6-^92' 

0127 

Reduction for Value ) 
ii) Arc ) 

'o~190 j 


1 

! 


• I 

" 1 

r/ 



" 1 


Lrror of Level 

2-Sl 1 

2 HI 1 

2-91 

2 88 

2-84 1 

188 


PRACTICAL AGTRONOMY.— No. VH. 


2 l> 
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ERROR OF GOLLTMATION. 


Tbe azimuthal error may be determined by the transits above and beloiv the pole of 
any close circumpolar star. In observatories) where the adjustments of an instrument 
are sufficiently steady to be relied on, the successive passages of Polaris or S Ursa 
Minoris for several days are used for this purpose. But iji small instruments, whose 
foundations are not so firm, it is usual to obtain an azimijth error by corresponding ob- 
servations of high and low stars, or an observation of Polaris or 5 Ursae Minoris, compared 
with the transit of a star south of the zenith. Thus Polaris and $ Coti can bo used ad- 
vantageously for this purpose, the dilTercnce of ihcir right ascensions being only thirteen 
minutes, and their tabular right ascensions being known with sufficient precision. 

Mr. J ohnson, in his Oxford Observations, uses certain pairs of stars for azimuthal 
errors, whotse positions have been determined with considerable accuracy. These stars 
arc distributed in such a manner, tliat the observer can have little trouble in finding 
one transiting above the pole, an& another passing below the polo within a short interval 
of time of each other. Thus, the result is entirely free from any doubt as to the latc of 
the clock, or other causes, and the principal error can only arise fiom the unavoidable 
uncertainty of observation. 

^ It is frequently necessary, in the use of a email transit instrument, to have a fixed i 
mark in the direction of the meridian, wTiich can be easily referred to for the purpose of 
determining the error of cullimation, and also its deviation from the meridian, in eases 
twhen, from cloudy weather, observations of circumpolar stars cannot be obluiried. 

At the distance of 28G feet, a circle of two-tenths of an inch in diameter will 
subtend an angle of 12" of azimuth. By noting the positions of the central wire of 
the transit in reversed positions of the axis, an approximation may he made at once to 
the error of collimation from its relative positions in this circle. This meridian mark 
may be frequently verified by observations of cu'cumpolar stais. 

If the instmment is furnished writh a mitrometer, this method of determining the ; 
collimation will not be necessary. i 

We wdll now proceed with the investigation of the formula) for the three preceding j 
errors, and will shew tlic method of application to the results of ob-iervations. 

Error of Collimatioxi. — The error of collimation is the distance of the middle 
line from the true line of collimation, cast or west. When the middle wire is cast of j 
the true line of collimation, the transit is obsers'ed too scon, and consequently the cor- 1 
rection for collimation is ad- 
ditive for stars above the 
pole, and subtractive for 
those below the pole. The 
contrary takes place w'hcn 
the middle wire is west of 
the line of collimation. 

According to this, the transit 
telescope may be supposed 
to describe a circle parallel 
to the meridi|in. T^us, let 
C S A (Fig. 191) be tbe circle 
described by the telescope, or, 
the circle in whose plane the 
middle wire is. Then A N, 
expressed in seconds of are. Let S he the ^ace of a star, P s B a great circle passing 



or S N, is the error of collimation, which is gciierally 


AZIMUTHAL ERROR. 
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through it. We hare now to find B E, the corresponding part of the equator ; but 

^ ^ = B E in arc, or i- — tV o = B E in time, which is the correction to be 

sin r S 16 sm P S ' 

applied to the observed transit. In that investigation, stars, however, near the pole 
are supposed to transit the noddle wire, that is, their distance from the pole is supposed 
to bo greater than the error of coUimation. If this were not the case, such f tars could 
not pass the middle wire. 

The correction for the error of collimation is written thus, 

Correction = error X , — 7 

lo X Bin stars P 1) 

Conection for Level. — The 

error of level is considered positive 
whfli the western pivot is too high. 
In that position the great circle, 
passing thi\>ugh the north and south 
points of the horizon, and which is 
the oil do on which observations are 
made, lies to tho oast of the meridi^, 
and the observed time pf passage is 
less than the true time lor stars above 
the polo. 



Thus (Fig 185^, O Z = the error of level. 
Z 0 X o,os S 0 =: S a*, and 

BE= 

15 sin N P f) 15 am P S 
g Z X cos zomilh distance south 

•.BE—-- lo sin N'r']) “ 


Azimuthal Error. — This error is considered positive whoa the eastern pivot is 
too far north. In this position 

stars to the south of tho zenith 2 ; 

arc ohserved before they come to 
the true meridian, and those 
north of tlie zenith after they 
pass the tru ’ meridian. 

Let N or S 5 (Fig. 193) 
bo th(^ azimuthal error, 0 the 
observed place of the star, the 
S .S' X siif Z 0 = 0 JO, draw tho 
great circle POE from tho 
pole to tho equator, passing 
through the star 0, then E 
Q is the correction in 11 
A in arc, which, being di- 
vided by 15, will give the correction in time; hut^E Cl =: 0 p X 

^ ri sin Z 0 ... sin Z D south 

thereferc, E = S s X v; = azimuthal error X 

' losinPo 15 sm jN Jr JJ 

sign of tho correction to the north of Jht zenith is contrary to that to the south, if 



sin P 0 ; 
Since the 
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RULES FOR FINDING AZIMUTHAL ERROR. 


zenith distances south hare the sign plus^ and those to the north the sign minus, the 
above expression will give the correction in either case. 

The preceding corrections for errors of level, azimuth, and collimation being all 
supposed positive, may be represented by 

• I co s ZD a am ZD e 

sin N P li sin N P D sin P D 

where I represents the error of level, a that of azimuth, and c the error of collimation. 
By Introducing the latitude Ij, the expression for the sum of these corrections may be 
written thus ($ being the declination j, 


or = 
I 


I cos (L ■ 


• 5) a sin (L J) -f- 
cus 5 


I (pos L P03 S 4- sin L sin 5) 
(JOS 5 

-p a (sin L cos 5 + cos L sin 5) 
cos 5 


= I cos I- + t ain L tan 5 4“^ ^ ^ cos L tan 8 4"® sec 8. 

= (» cos L 4" sin L) 4" ( — cos L 4" ® cos L) tan 8 4"® sec 5. 

“ m 4" sin 8 4"® sec 8, which is the form of these corrections Bessel gives in the 
** Tabulflo IlegiomontanjE.’* 

To Find the Azimuthal Errors by Transits of a Circumpolar Star. 

Let T z= the time of superior transit, supposed too late , t = the time of an inferior 
transit, which will be too early ; then, since the difference between these transits 
corrected for motion in B. A. should be 12h., all tlio other corrections being made, wc 
shall have — 


T — 


rt sin Z D 


15 sin PI)” 
Let T — < = 12h. 4" then — 


:12"+(-k Z IV 
^ ^ lo Bin W V 1) 


^ g (sin Z D 4" gin Z D*) a (sin (c«>hit — N P 1)) 4 sin (colat 4- N P D) ) 

“■ 15 sin N P i) 15 wUn'FI) 


or b = 


2 rt sin colat cos X P D 
16 sin N P J) 


j 5 6 X tan N P D 
2 sin colutitudo 


At the end of this section, we have given numerical examples of the determination 
of azimuthal errors. 

The preceding factors for colhmalion, level, and azimuth, viz. — 

Error of collimation X i-.;- - - , 

lo am biars P U 

r , 1 cos Z 1) smith 

Error of IcveJ X - - 


Error of azimu'Ji 


15 sm iN P 13 
sin 7, T) south 
15 sill N P 1) 


are tabulated for different north polar distances at the principal observatories, the 
multiplication being easily made by means of a sliding ruler. Several other contriv- 
ances have been invented for forming these corrections by mechanical methods, by tho 




EQUATOMAL 1NTEKVAL8 OF WIRES. 4(^5 

Astronomer Eoyal, Professor Challis, and Mr. Carrington, for which we beg to refer 
to the memoirs of the Eoyal Astronomical Society. 

Having thus explained the formulae and methods of determining the three preceding 
errors, we shall now proceed with the investigation for a determination of the 
equatorial intervals of the wires, which are immediately necessary for the reduction of 
imperfect transits. 

"When a heavenly body is observed with a transit instrument at a distance from the 

meridian, if this distance be known, and 
also the distance of the object from the 
equator, the time to be added to or subtracted 
from the sidereal time of observation can 
bo computed thus : — ^Let P bo the pole, Q E 
a portion of the equator, 0 the object at the 
distance 0 S measured on a great circle. (It 
may be well to remark that to whatever part 
of the heavens a transit instrument is 
pointed, the distance from any wire to the 
middle wire is an arc of a great circle ; it is the same as if the equator had 
moved into that position). Now in the triangle we have 0 S and 0 P given to find 

S P 0, which expresses the time ; therefore sin S P 0 = or if A rs: the 

distance 5 = the declination, e = angle S P 0 sin c = sin A sec 5 • 

Now it frequently happens, e^^pmally in cloudy weather, that an object has not 
been, or cannot be, observed at all tbc M’ircs of the transit instrument ; but if the 
intervals of the wires ho knowm — that is, the times employed by an equatorial star in 
passing fiom the first to the second, from the second to the third, &c. — the true time at 
which an object, wdiieh has been observed on any wire or wires, would transit the 
meridian, can he found. The manner in which the equatorial intervals are given is 
the distance of the first wire from tlie mean of wires, which is called the first interval ; 
the distances of the second and third from the same point are the second and third 
intervals — that is, the distance of the mean of all the wires from each wire is the 
interval : the intervals before the meridian point having the sign plwt, and those after 
it the sign minus, for stars above the pole — the signs to be changed for stars below the 
pole. If the instrument he reversed, the signs are to he changed. For the determina- 
I tion of th< se intervals, Polaris, or some other star near the pole is observed ; then for 
I eacli transit the difference between each wire and the mean of all the wires is taken, 

I and the mean of all these differences for the same wire for all the observations; then, 



Fig. ISl. 


if we call this mean for any wive = c, wc have 

sin A = sin c cos 5 = sin e sin stars N P D 

therefore h ^ X sin stars N P D 

15 sin 1" 

This gives the cquaforial distance in seconds of time from the wire under consideration 
to the mean of all the wires. 

Now let + — /, — < 7 , be the equafbrial intervals for a tele- 

scope having seven wires, and suppose the times of transit of a star to have been observed 
on two of these w'ircs ; if the mean of these two observed times of transit bo taken, 
it >fill be the time at which a star passed a point equally distant from both wires. 
We shall suppose the two wires to be the first and second ; to find the distance of this 
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INTERVALS OP THE GREENWICH INSTRUMENT. 


point from the mean of wires, or from what we consider to be the meridian point. The 
distance between the first an d second wires is « — b ; hence the distance of the first 

wire from the required point is — the distance of the first wire from the meridian 

A 

point is a, therefore a — ^ ^ ^ is the distance of the point, for which we 

^ 2 2 

have the time of transit to the meridian point. This shows that we have only to take 
the sum of the equatorial intervals for the w'ircs observed ; this sum, divided by the 
number of wires, will be the distance of the point for which wo have the time 
of transit from the meridional point. This distance being called A, and c representing 
the correction required, we have — 

(1) sin c m sin Zf sec 5, or 

(2) . csec — sec 5. 

For the pole star and others near it (1) must be used. 

Determination of Intervals of the Greenwich Transit Instnimentlby the following 
IVansits of Polaris : — 

Distance of each Wire from the Mean of the 7th AV'ires (Polaris), 1848, May 2 S. P. 

to May 12 S. P. 


o.ji, 


1818. 

1 A 

1 

B 

C 

I) 

E 

! 

G 'S.2 

' 



, 

! 

! 

1 

1 

i 

1 

1 

-88 29 


m. s. 

in. A. 

’ m. s. 

s. 

1 m. 9 . 

> m. A. 

m. a, 1 " 

May 2 S. P. 

—24 29*86—10 20*80 — S 9-80 

— 0*86 

+ 8 10*14+16 17*14 

+24 34*14, 50*3 

3 

32’00 21 -OO; 9-00 

! -f- 0 50 

i 9*50 17*50 

34-.50 5()*0 

4 3. P. 

32 141 22 14 10 14 

i +1*36 

1 10*36 17*86 

34*81, 49*8 

4 

32*57, 

8* =.7 

+ 0*43 

10*43i 18*43 

32*43 49*7 

5 S. P. 

33*29, 21*29, 11*29 

— 0 29 

1 9 * 7 : 

20*71 

»5 71 49*5 

5 

30*14 10*14, 10*14 

— 1*14 

1 9*36, 17*36 

33*86 49-4 

6 3 P. 

33 141 21 * 64 ' 8 14 

-f 0*36 

i 8*86 18 36 

35*36 49*2 

7 

I 28*571 22 * 5 : 

8*57 

— 0*57 

! 6 * 43 ! 18*43 

35*43! 48*9 

8 

30*86! 20*80, 11*86 

+ 1*14 

! 12*14- 1914 

31*14 48*7 

9 3. P. 

31*57, 21*57 

9 57 

+ 0 43 

1 8-43 

19*4;i 

34*43; 48*6 

9 

! 29*57 

19*07! 8*57 


8*95 

15*4.3 

32 43 48*5 

May 12 S. P. 

—24 29*00; 22*00| 10*00 

— I'OO 

1 8-00 

IG 19*00 

35*00 48*0 






i 





I 

1 

1 




Means 

—24 31*0G|— 16 21*06 

— 8 9*64 

i +0*07 

,+8 9*36 

+16 18*23 

+24 34*11 49*22 

Or in Are 

0 » j 0 » fi 

C 7 43*9 1 4 5 15*90 

1 . , » 

2 2 n-fio 

+ 1*05 

+2 2 20*40 

+4433*45 

+68 31*65 

Log Sines 

9*0284678 

H 8529932 

8*5514513 

4*6855749i 8*5512029 

8*8517407 

9*0293639 

Constant 

2*5571186 

2 5571186; 2*5571186 

2*5571186 

2*5571186 

2*5571186 

2*5571186^ 

Log. Equat. Intcrral 

1 *58558641 1*4101118 

1 *1085699 i 

7*2426935 

1*1(!83216 

1*4088593 

1 *5864825 

Equatorial Interval 

+ 38*511 
€ 

25*711 

12.840 

0*002 

12*633 

25*630 

38*591 ! 

! 

In Arc ^ 

9 37<67 

G 25*67 

312*60 

+ 0*03 

3 12*50 

6 24*54 

9 38*87 ’ 


Log COS 88 29 49*22 


8-4187848 



At. co. log sin 1" . . 

. . . 

5*3144251 



Ar. CO 

log 15 


• . . 

8 8239087 



Sum = constant . . . 2'5f571186 
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Computation of Intervals from Middle Wire for Polaris for Declinations 88® 29', 
88" 30', and 88® 31'. 


■ 

A 

B 

C 

D 

Loff flin cqua- ) 
tonal interv. ( 

• 

7 -4472039 

7-2717901 

6-9702297 


Ar. CO. log cos \ 
88 ‘ 29' ) 

1*5/1 2832 

1-577283-3 

1-5772831' 


I.og sin interval 

9-0245371 

8-8690733 

8 547512' 


Interval 

G 4 26-33 

C f f 9 

4 3 3-4.5 

2 1 18-27 


In. time 

}f} ■ li. 

'■i 17-76 

m. 8. 

16 12 23 1 

1 

1 m. .s. 

1 8 5 22 

s. 

0 07 ' 

Log Rin cqufi- I 
torial interval 1 

7 -4 *72539 

* 7-2717901 

6-9702297 


Ar. CO. log eos } 
88 ’ 30' 1 

1-58-20810 

1-5820810 

1 -.582081 ( 


Log sin inter\.i] 

9-0293349 

8 '8538 711 

8 5523107 


Interval 

6 8 30-17 

4 5 45-73 

2 2 39-16 



! 1 l-58C932-i 

L():j: sni mterviil 0*03418rj3| 8’8.')S722.'j, S 5371621 


Intrf’Tval n 12 39-52 -k 8 31-Gfi 2 4 1-8G 

m. s. m. s, m. .v. 
In. time 24 50-63 10 34-11 8 16-12! 


Comparing tlic intervals for 88® 29' and 83" 30' wc have- 


E 

F 

G 

6-9700041 

7-270r>157 

7-4481553 

1-5772831 

1-5772832 

1-57728.32 

8 5172873 

8 8477989 

9-0254.385 

O / 


0 / 9f 

2 1 14-50 

4 2 20-65 

6 5 11-94 

Wi. s. 

8 4-97 

m. s. 

16 9 37 

m. 8. 

24 20-80 

6 9700O41 

7-27051.57 

7-44815.5.3 

1 -0820811 

i-5b:oRio 

1-/820810 

8-5520851 

8-8525967 

9'03023«3 

n t n 

0 t ft 

j t t* 

2 2 3.>-33 

4 5 2-45 

G 9 1 6-29 

m. H. 

8 10-30 

tM. «. 

16 20-16 

»». r. 

24 37 09 

6-9700041 

7-2705157 

7-4481.553 

1 ,5869324 

1-5869324 

1-5869324 

8-556936:> 

8-8.574481 

9 0.150877 

2 3 f)7-99 

,’1 / « 

4 7 4T-R9 

V / If 

6 15 26-15 

m. « 

8 15 87 

W. .s. 

16 31-19 

m. s. 

24 53-74 



_ 

— _ 


s. 1 

s. 1 

s. 

+ 10-82 + 5-80 1 

— 5'39 — 10-79 1 - 

- lfi-29 


And dividing these hy 60, wo have the change for one second of arc — 

■-f 0 271 r-H'0J)O j__ I — 0 0 90 |~— 0-180 f— 0-271 

Therefore for Polaris, declination = 88® 29' + 


A . . 

m. 

. . +24 

s. 

17-76 + w X 0-271 

B . . 

. . +16 

12-23 +n X 0-180 

•C . . 

. . + 8 

5-22 + « X 0*090 

D . - 

— 

0 07 

E . . 

. . — 8 

4-97 — « X 0 014) 

F . . 

. . —16 

9-37 — « X 0180 

G . . 

. . —24 

20-80 — n*X 0-271 


The following examples will illustrate the whole method of completing imperfect 
transits : — 
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IMPERFECT TRANSITS. 


SPECIMEN page of THE COMPLETION OP IMPERFECT TRANSITS. 


Day. 

1848, July 20 

July 20. 

July 20. 

IIIQQQS 

July 20. 

Object. 

B. A. C. 5509 

a Herculis. 

6 Draconis. 
< 

a Opb inchi. 

E.A. C.6126 

N.P. D. 

27" 57' 

75" 26' 

37" 36^ 

77" 20' 

111** 2r 

1st wire. 

2 

3 .. 

4 

s 

7 ” 

21 39-5 

22 6 7 
22 34 0 

16 23 1*6 

515 
9*6 
228 
36 4 

|17 7 

500 
108 
32 0 
52 7 

17 26 

32*7 
46*0 
59 5 
12-5 
17 28 25*6 

11-6 

25 7 

17 58 39-6 


4) 89 21-8 j4) 65-3 

85 5 

29 6 3 

3; 76-9 

Mean of wires. 

16 22 20 45 

17 7 16 33 

17 26 21 .38 

17 27 59 26 

17 68 25 63 

Correction to im- ) 
perfect transit * j 

— 4111 

+ 1991 

-f 31*59 

— 13 16 

— 276 

Concluded tran- 
sit over mean of 
the seven wires. 

10 21 3934 

1 

17 7 36 24 

17 20 52-97 

4 

17 27 4010 

17 67 SB 39 


• See tbe folloiKing Form. 


COMPLETION or IMPElU'ECr TRANSITS OF POLARIS. 


Da3*. 

1848, July 21 

July 22. 

Sept. 5. 

Sept. 21. 

CJ 

C 

w 

X 

Object. 

Polaris. 

i’olaris, S. P 

Polaris S P’ 

Polaris, S. P 

Polari^-, S P 

1st wire. 

40 26 0 




40 290 

2 „ 

48 34 0 

48 40*0 



48 47 0 

3 „ 

.56 46 6 

50 47-0 

56 240 


57 00 

4 „ 

4 54 0 

57*0 

4 35 0 

5 190 

5 100 

5 „ 

40 


12 400 

13 28 0 

13 21 0 

6 y, 



62 0 

21 400 


7 „ 

1 13 

13 4 

13 20 

13 29 50 5 

13 


5)28 3 44 5 

3) 1440 

4) 1510 

j 137 5 

28 4 47*0 

Mean of observed ) 

56 44 90 

12 56 48 00 

13 8 37 75 

13 17 34 38 

12 50 57*40 

wires. J 




1 


Reduction* * 

-f 8 10 09 

+ 8 885 

— 4 564 

-12 1714 

-J-8 1194 

Concluded tran- *1 


I' 

1 




sit over mean of 1 

1 4 54i99 

13 4 5G-85i 

13 4 321113 5 1724 

13 5 9 34 

the seven wires, j 


1 

i 




• See the following Form. 










Foil POLARIS AND 5 URS.R MINOKIS. 


IMPERFECT TRANSITS, 


OO M 

XX XX XX X 

« c e IS c c s 


lO o ^ ^ O Ci 

QO 00 00 CO 


o» o a 
r-icti os 

Oi O Oi 
cqC^ 

^'<4 o 


ff4COC» 
pH C'4CO 

O 04 

I'p o 

04 

CO 

1^04 

04 

s s 

1 9 

9 

1 


XXX 

e (i IS 

+ 4 - + 

CO CO <M 

t-Cfl 04 o 

1^-04 lO O 


x 4 - X X 

a t: t: 

I I I 


| 0<l CO I l>l -^oo 


3 S 

00 

uo 

CO »f4 

CO CO 

00 

+ SS 

04 

T}< 




§ 5 

CMO i-< 

X X X X 

;f R R R 

+ I 


^ »C »0 OS 04 p 
^ CO o o 


X X x** 

R R R 


I o* 

00 ! CD 


Ttl I 10) <XJ 
■Pij* 1 CO 00 


r-i r- o 

I’- 00 05 

CS pH o 

CM O 
OS 
40 O 

XXX 

X X 

R « R 

+ + + 

R R 

CO CO (M 
C>-<?4 <N O 

h- 
1 -- 04 

1^04 40 O 

12^ 

CO 

CO 00 

(M IH 


+ + + 1 

1 

-<PCQ 



I C4 I 00 — p 
I »0 -T< O 00 -> 
1 -S^Ci oo^ 


O 

CO v-H 


s s 

o 

40 

o 

o 

■tfl 

/-s 


is “ 

“a -5 

es 5 

^ Q 
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CALCULATIONS FOR COMPLETING TRANSITS- 


BOTAL OBSEBVATOBY, GRElSN-Vl'ICH. 

Calculations for Connplpting Imperfect Transits in the Year 1848. 
For Stars and Planets in general. 


Day. 

July 21. 



c 


Object- 

IJ.A.C. .5509. 

o Hercules. 

/3 Draconis. 

a Ophinchi. 

B.A.C. 

6125. 

For observa- 
tion on A . 
B . 

c. 

It • 

— 0-002 

+ 38-511 
+ 25-711 
+ 12-8-I0 
— 0 002 



+ 12*840 
— 0*002 




E . 

— 12-833 

77-060 



12*838 
— 12-833 


- 12-8.33 


» F . 

— 25-C36 




0 005 
— 25-636 


-25-636 


n G . 

— .38 -.591 




— 2.5-631 

- 38 691 


-38-591 


Sula & mean 

— 77 062— 19-26G 


19-265 

19-2C5 

-64-222- 

-12-844 

-77-060 

-25-687 j 
4470-1 j 

Declination 
and nut. sec. 

62' 3' 553-312 

14'’ 34' 

23-301 

52‘’ 25' 6930*1 

12^0' 

7420-1 

21’ 27' 


3S-.532 

1-927 

578 

58 

10 

1 


1926-5 

57S 

58 

4 

19205 

11559 

578 

173 

12 


12844 

2.57 

51 

9 

25687 

1798 

103 

10 

1 

Product . . 

41-106 

1 

1 

1 

19-905 

31587 

1 


31-161 

- 27598 

' 

i 


Another method of reducing imperfect transits is to form a table of intervals from 
the middle wire for different north polar distances, by multiplying the equatorial 
intervals by the scccant of the declination (see preceding formula). When the wires 
observed of any object have been separately reduced to tbc middle wire by this table, 
the mean of all the results will be the correct number. For a jdanet, the change of 
right ascension in the interval may be applied in the formation of the results for 
each wire. 

The following is an example of Polaris by this method 

1848, October 2. Wir^s observed— A, B, C, D, E. 

Declination of Polaris 88’ 29' 65"*7. 



h. m. s. 

Reduction to Mean of Wires. 

A. 

. . 40 29*0 . 


m, 6. 

= 6 4*56. 

B. 

. . . 48 47*0 . 

..+ 16 12-23 \ 

5 11*06 



+ 11-83J — 

C., 

.t 67 0*0. 

8 5*22) 

+- 5*91} - 

6 11*13 

D*. 

. . 5 10-0 . 

. . — 0*07 = 

5 9*93 

E. 

.. 13 13 21*^ 

8 4*97) 

5 915 — 

5 10*12 


5) 46-80 

13 6 9*36 



MODE OF DETERMINING INTERVALS. 411 

The intervals of the transit wires may also be determined by directing the tele- 
scope of a theodolite to the object-glass of the transit instrument. In this manner the 
wires may be distinctly seen ; but it is also necessary that the axes of the two instru- 
ments bo exactly in the sanio parallel. Gauss first introduced this method at Gottingen. 
The following is an example. , It is to be premised that the axis of the theodolite was 
higher than that of the centre of the circle, and therefore that the measured readings 
must be diminished by multiplying by the cosine of the inclination, or 23'’ r58' 52". 


1823, October 23. 



Ilorizontal DiKtancc. 

True Distance. 

Wire I. . . 

. . 11 2O-050 

11 23*000 

10 25*93 

10 24*06 

„ ir. .. 

. . 7 45*900 

7 iC-275 

7 5*69 

7 6*03 

„ iir. , . 

. . 3 58*225 

3 57*750 

3*37-00 

3 37-23 

V... 

. . 3 58*850 

3 r>!)-375 

3 38*24 

3 83*71 

„ VI. . . 

. . 7 53*025 

7 53-875 

7 12 74 

7 12*98 

„VII, .. 

. . 11 17*600 

n 17 775 

10 19*11 

10 19*28 


At the Hoyal Observatory, Greonwicb, the Astronomer Koyal has made use of the 
south collimator for the determination of the intervals of tho wires of iho transit 
circle, “ Tho eye-piece of the transit circle was tumed round 00”, so as to bring the 
wires into a sensibly horizontal position, and with the head of the micrometci upwards 
when the telescope was directed to the south. Each of the wires in succession was • 
then brought upon a determinate point of the image of one of the nearly horizontal 
wires of the south collimator, partly by turning the instrument and partly l)y the 
right ascension micrometer, and the instrument being clamped, tbe six microscopes of 
the zenith distance circle were read as wcdl as the right ascension micrometer.** 

In this manner, the following concluded circle readings for each wire were 
obtained — 



Wire I. . . . 

59 33*696 


„ 11. . . . 

56 6*746 


„ III. 

52 39*290 


„ IV. 

49 12*018 


„ V. ... 

45 44*880 


„ VI. 

42 17*242 


„VII. 

, 38 50*482 

The 

mean of these numbers is 49' 12"*051 

, and, comparing this with each 

number separately, wo finally got for tbe distance in arc of each wire from the mean 

of all 


s. 


For Wire I. + 10 21-645 

or -f 41-443 


• „ „ II. + 6 54-659 

+ 27 640 


„ „ III. 4 - 3 27-239 

4 - 13-816 • 


„ „ IV. — 0-033 

— 0003, 


„ „ V.— 3 27-171 

— 13-811 


„ „ VI.— 6 64-809 

— «7-654 

• 

„ „ VII. — 10 21-509 

— 41-438 

Dr. Drew has usefully applied a wire micrometer, attached to a five-feet telescope, 
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DE. DKEW*S METHOD, 


for the determination of the intervals of his transit circle — an instrument of forty •two 
inches focal distance. The value of one revolution of the micrometer being known, 
he was able to measure easily the distances of the wires, by directing the two object- 
glasses towards each other. The result agreed closely with that deduced from a 
transit of 5 XJrsse Hinoris, 

To find the correction to an imperfect transit of the moon or a planet 
Let K* bo the apparent distance from the middle wire. 

„ ^ = the right ascension of the zenith. 

,, c' = the apparent right ascension of the interval. 

„ 5' = the apparent declination. 

Then we have— 

Sin h rz cos 8', sin /i — a'= cos 8 sin (/u — a). 

Put sin /i = /i sin and sin /u — a = /x — a sin 1". 

Then we shall have — 

d cos 8 . V A X 


A = - 


-(/i — a) . . . ^ — o : 


d cos 8 


, . . (36). 


This is the expression for all those bodies which do not change their right ascension. 
The fixed stars are the only ones which do not, and their distances are so immense 
that o' and d may bo regarded as equal, which is also the case with the planets, on 
account of their distance. Let A’ bo the moon's or planet's increase of R. A. in 
one second of time, then (I — A)® is the equatorial space described by the moon or 
planet in one second of sidereal time j “consequently , the sidereal lime of describing 
/u — a, will bo represented by — 

_I_ = (1 + X)-—.- = (I + A) X X nearly (37). 

1 - A V cos 5 / ^ ^ ^ d cos 8 ^ ^ ' Bin app. Z. D. cos 6 

This is tho formula given in the Greenwich Observations for the same purpose. In the 
case of the planets d' is very nearly equal to rf, and the formula is — 

a 4- A) X — — , where A is the increase of the planet's right ascension in one second 
'' ' ' cos 8 

of sidereal time. 

COMPLETION OF AN IMPF-HFECT TRANSIT OP THE MOON. 

1848, August 9. 


Day. 

1848, August 9. 

Object. 

1 L. 

1st wire. 

470 

2 „ 

09 

3 „ 

14 7 

4 „ 

6 

6 >, 

7 „ 

t 

17 4 

3) 

Observed mean 

O 

o 

db 

wires . ' 
Reduction . 

27 79 

Concluded transit 1 

over mean 

of V 17 4 28-66 

seven wires 




107 41 
38 31 

6910 
49 
69 59 


v’s geo, N.P.D. 

Co. lat. of Greenwich . 

: ’s geo. Z.L. . 

Parallax in altitude . 

2)’s app. Z.D. . 

I = 131"-62 = the increase (in seconds of 
time) of the Moon’s right ascension for a 
transit over a meridian upon tho earth, dis- 
tant by Ih. of terrestia longitude (Nautical 
Almanac, 1848. Section— Moon Culm’nat- 
ing Stars). 


FORMULA OF THE BRUSSELS OBSERVATORY. 
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hog 


3600 + 1 


3600 

Log sin. 1>'8 geo. Z.D. 

Ar. CO. log. sin. d’s app. Z.D. 
Log sec. geo. decl. 


001559 

997064 

002706 

002102 


1848^ August 9. 
Wires Observed. 


Log 25-687 (see below*) 


For an 
Equatorial 
Star. 


Completion of imperfect tran> 
sit, to .reduce to mean of 
seven wires 


f A . . +38 511 

] B 25711 

t C . 12-850 

3)' 77 062 

COMPI.KTION OP AN IMPERFECT TRANSIT OF A PLANET. 


003431 

1-40972 

144403 


li 


79 


Day, 

1848, August 9. 

Object, 

Mercury 2 L. 

1st wire. 

27 2 

2 „ 

402 

3 „ 

64 2 . 

4 „ 


5 „ 

« „ 

7 „ 

86 

4) 1897 

Mean of observed \ 

Wires . . ) 

8 3 47 42 

Reduction * . 

+ 20 53 

Concluded transit . 

8 4 7 95 

Object . 

Mercury 2 L. 


Planets, N.P.D. = 70^22' 5. 

I rr variation in R.A. in lb. zz: + 12 92 
Wires observed — 

A . . .+ 38 611 

B . . .+ 25 711 

C . . . + 12840 

D ... — -002 


4 ) 


77'060_ 

19 ^ 65 ” 


Log .... + 1 28477 

Log CO. sec. planets, N P.D. 0 02601 
3600 + I. 


Log 


3600 


L. No. 


000155 
1 31233 


2053* 

Formula for Determining Collimation, — In the operations of the Brussels 
Observator) , tlie following formula for the determination of the coUimation, inde- 
pendently tii‘ the Other errors of the instrument, is used. The investigation is to bo 
found in M. Lingre's memoir, “ Sur Ics Corrections de la Lunette Meridienne'' — one 
of the prize essays of. the Brussels Academy, vol. xviii., 1844 — 45. The stars best 
suited for this method arc, one near the pole, another near the zenith, and a third of 
south declination. The example and formula are as follows : — 

Example — Greenwich Observations, 1842, May 10. 

* h. m. B. t. m. s. o » » 

Corvi . . II = 12 25 39-53 BA = 12 2G 8 86 p = 1^2 31 39 x 

7 IJrsm Majoris IF = 11 45 3-88 BA® =: 11 45 33*11 jp'=s= 55 22 39 I- 

Polaris S.P. . 11' = 13 1 30-42 BA' == 13 2 6*52 y = 1 31 69 / 

Calculatim of ike CoUimation, 

• ^ ^ sin p° cos ^ {p y) , sin y cos ^ 

C = D°23iii4 {p-f) S1115 {p'-rl 2sin3 (;?-y)sini(}>'— y) 


Observer 
Henry . 
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CAMBllIDGE METHOD OF DETERMINING CLOCK ERRORS. 


1)^ = 16 [(H 4 - RA°) — (H" + lU)] = — r'-50. 
D' = 16 [(H + RAO — (U' + RA)] =: + 1 01"-40. 


fCjP— />') = 57'' 1*49' 

' : nP-P'’) = 

38" 33' 0" : 1 (p”— /) = 18” 

28' 49" 

Log D" . 

. — 0-1760!) 

Log D' . ‘ . 

2 00604 

Log sin p’ 

9-76317 

Log sin p' * 

-8-42738 

LogCOSi J5') 

9 73510 

Log cos i (p — p^) 

9-89324 

At. co. log 2 

9 69897 

Ar. CO. log 2 

9-C9897 

At. CO. log sin J (p — p°) 

0-20537 

Ar. CO. log sin (p — p') . 

0-07026 

Ar. co. log sin | 

0-19897 

Ar co. log sin J (p' — p"') . 

— 0*49897 

1st dumber 

— 0-07773 

2nd Number 

C = 

4 - 0-6008G 

+ 399 

— 1-20 

+ 2-79 


A similar calculation made on May 13, 1842, using )3 Corvi, 7 Ursao ^lajoris, and 
Pclaris, gave C = 4 - 2"’G7. This agrees very satisfactorily with the preceding result. 

The error determined (by reversal of the instrument in the usual way practised at 
Greenwich) was found to bo, on April 6, = 4" T'*51, which is a very good agreement. 

The Astronomer Royal, in the Cambridge Observations, 1828, proposed a method 
‘ nearly similar for determining the clock errors, and the errors of colliination and 
azimuth, but was obliged to discontinue it on account i»f the imperfect plae(js of the 
star catalogues, and the difficulty of making observations sufficiently accurate. The 
following is the investigation: — “Let ar, y, c, bo the clock error and the errtj’*d of 
collimation and deviation (the clock being supposed slow). 0, O', 0", the observed 
times of transit corrected for the error of level and the clock rate ; T, T', T", the true 
sidereal times at wdiich they pass the meridian ; Y, Y', Y", the respective multipliers of 
the error of collimation, which give results additive to the observed transits ; Z, Z', Z", 
the same for the error of meridian. Then the follow ing equations subsist : — 

0 4- ar 4- Yy 4- Z2 r= T 

0 ' + 

0" 4“ ^ 4" 4- =: T" 

And subtracting the 2nd from the Ist, and the 3rd from the 2nd — 

(Y _ Y') y 4 - - Z') z =r. (T - 0) ~ (T' - O') 

(y^_Y") y 4- (Z' Z"U = (r— O') — (T" ~ O'O 

“The catalogued R A. and the observation of tlie transit must be extremely 
accurate, in order that any result worthy of confidence may be obtained from these 
equations. The most favourable stars are Polaris, a star below the pole, and a star 
above the pole, W'hose N. P. D. is considerable/* 

BEethod of Finding the Time. — The method of finding the time given in the 
following pages is capable of so many useful applications to travelling astronomers, 
that, in a treatise on this subject, it would be unwise to neglect it. 

Professor Hanstecif, in “ Schumacher’s Astronomischc Nachrichten,” vol. vi., p. 189, 
gives a simple and expeditious means of determining the time by a small transit 
instrument, which requires only the observed transit of Polaris in a certain parallel, 
and the transit of a known fundamental star in the same vertical. The formhlso of 
reduction are as follow : — 



TRANSITS OF STARS IN REICHENBACH’s INSTRUMENT. 
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^ _ tan <p — tan 5 

Ian 8 — tan 5' cos P 
B = tan + 2 t an S' 
tan 5 — tan S' cos P 
* P == 15 (a - a' -f T) 

• _ ^in P B sin P 
sin 15" sin 90 

In which 8 and o are respectively the declination and right ascension of the pole star 
8' and a', are the same co-ordinates of another fundamental star ; is the latitude of 
the place, and T is the sidereal interval of the observations. 

Example . — At Christiana, on the 8th of November, 1823, the following transits of 
stars were observed with an universal instrument of Reichcnbach : — 

Siar. Ej o-]-iece toward! the P^ast. Star. Eye-piece towards the West. 

h. m. 8. b. m. s. 

Polaris . ... r . . 13 36 31’5 Polaris . . t‘ . . . 14 0 28 50 

7 } Ursa) Majoris . r . . 13 42 4*96 Polaris . t' ... 14 10 47 46 

The apparent places of the stars arc — ^ 

h. m. fc. o » tr 

Polaris . . a = 24 68 32*90 . 6 = 88 22 2 Q*(;k 

rj Ursa' Majoris . a' rz: 1 3 40 34 47 • S' ir: 50 11 31*79 
a Bootes . . a" = 14 7 37*38 . . 8 '= 20 6 8 G6 


a Bootes 

Therefore wc have — 


Eye-piece towards the West. 

b. m. 6. 

T ... 14 0 28-60 
T- ... 14 10 47 46 


8 = 88 22 2Q-6K 
S' = 50 11 31*79 
8 '= 20 6 8*66 


Log tan 8' 
Log cob P 


h. in. s. h. m. s. 

o' = 11 17 58*43 . a — a = 10 60 55*52 

T = -1- 5 33*46 t' = -f 10 18-96 

T *= 11 23 31*89 a — a" + T' = 11 1 14*48 

P = 170" 62' 58" P' = 166" 18' 35" 

The latitude <p is assumed to he 59’ 64' 8"*4 

. . 0*0791592 tan 8' . . = 36*22949 

. — 9 9944783 

— 0-0736375 


Log (tan tp — tan 8') 
LogN . . . . 


Log A . . 
Log sin 15" 
Log sin P . 


Log A® . . . 1 . . t)-iii»*zy 
T,og (tan <#> + 2 tan S') 0-61643 

Ar. CO. logN. . . . 8-43873 
Ar. CO. log sin 90" . . 3 -3601 8 

Log sin p3 .... 7-59971 

6*33234 


9 7204185 
1-5G1271C 

8*1591469 

4-1383339 

9-1999056 

1*4973864 

6-31829 


Log tan <t> 
Log tan S' 


. = 1 •7752525 
. = 1*1990391 


(Tan <p — tan S’) 0-5253134 

Tan 0 2 tan S' 4*1251307 


. + 31*433 


= 0*000 


3V433 
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DETERMINATION OP RIGHT ASCENSION. 


In the same manner, if a calculation be made for a Bootes, we shall have — 

fl. fl. m. 8. 

e' z= 133-206 -f 0 004 = 2 13*21 

From these values of the quantities e and are found the binary angles t and f for 
these two stars ; and the zenith distance of the pole star J>y this formula — 

Cos f =z cos 0 cos S cos (P — /) + sin <f> sin 5. 


Therefore, by calculation — 

OP OP 

P — < = 170 45 V'—i’= 164 45 

1= 31 43 {’= 31 40 

* = 0 23 k’ z= 0 25 

S — <p = Z=—9, 42 t’—(p'Z' = -30 48 

C = 0'13754 O' = 0 16755 


The daily gain of the clock iras 28'5 ; therefore for the time t' — t or 28m., a was 
= 0s‘047. Therefore, if k and *' = 0, C -J- C' will be equal to 0'29509, 

m. 8. 

•' t' — T = 28 42'50 

— o = — 0'05 I 

— (o" — o)=— 27 2-91 

— 0' _e) =— 1 41-78 

S r= — 2-24 

S — 2-24 »■„ 

0 + O’ ~ ~ 0-29509 ~ ' 

By this value of y itself is found. 

F. 

for 77 TJrsse Majoris C7 ~ — 1*044 
a Bootes C'y = — 1*196. 

Wherefore the state of the clock is as follows — 

rj Ursa) Majoris. Arcturus. 

h. m. 8. h. in. s. 

0= 13 40 34-47 a = 14 7 37*38 

e=: -f 3U43 O' = 2 13*21 

-C7= + 1*04 -fC'7=: —1-20 

Sidereal time = 13 42 6*94 Sidereal time = 14 9 49*49 

Clock time = 13 42 4*96 Clock time = 14 10 47*46 

Error of Clock + 68*02 Error of Clock 4- 68*07 

This method is likely to he of considerable value to the astronomers travelling from 
place to place, and for this purpose we give it here. 

On the Determination of B.ight Ascension by the Transit Instrument. 
— The origin of vght asccnhions is the intersection of the ecliptic and equator at the 
vernal equinox. For the purpose of determining this origin, Dr. Maskelyne selected 
a Aquilao, the place o*f which he arbitrarily assumed, and with which he compared 36 
other principal stars, applying the clock error and rate ; and, by these means, forming 
apparent right ascensions. /Ihci^e were afterwards converted into mean right ascensions, 
for the beginning of each year, by the application of precession, nutation, and abowation, 
from certain assumed constants. The places ^of all the others were, therefore, affected 



bun’s right ascension peduoed. 
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with the error of the asaumed right aseension of a Aquilee. To determine the amount of 
this error, he computed the sun’s right ascension from the transit obserrations depending 
on the assumed place of a Aquilse ; and he also computed a right ascension of the sun, 
from ohservations of declination by the quadrant, by the formula. 

Bad. X sin. E. A. = cotan. oBliq. X tan. dedication, and comparing the two 
results for certain periods of tune, on each side of the equinoxes, so as to eliminate any 
errors arising irom refraction, parallax, obliquity of the ecliptic, and latitude of the 
place, he obtained a correction to his assumed place of a Aquilm, which was common 
to theVemaining stars of the catalogue. 

When a number of stars have had their right ascensions determined by referring 
them to some fundamental star, they will all be charged with the error which may 
happen to belong to thiti star ; and it is an object of the utmost importance to ascer- 
tain the existence and quantity of such error. The* difficulty lies in determining 
accurately the position of the first point of Aries, from which the right ascensions of 
all the stars are counted. The course pursued, therefore, by astronomers, is first to find 
the sun’s right ascension, by comparing the transit of his centre with the transit of 
the fundamental star, or with the transits of several principal stars, related to it by 
known differences ; and, secondly, to compute from his observed declination the righl 
ascension belonging to the moment of the meridian passage. These operations 
should he performed on several days, near both the vernal and autumnal equinox. The 
right ascensions derived from a comparison, with the stars should agree with those 
derived from the observed declinations of the sun. If there he a constant difference, 
this will he the correction to he ajqilied to the 
assumed right ascension of the fundamental star. ^ 

The sun’s right ascension is deduced from his 
declination in the following manner . — Let A C 

(Fig. 195) represent a part of the equator, A D a ^ 

part of the ecliptic, and A he the first point of \ 

Aries. Suppose the sun to be at S, and draw ® 

S B perpendicular to A C ; then A B will he the Fig. 195. 

right ascension of the sun, and S B his declination. 

But, by Napier’s rule, rad. X sin, A B = cotan. S A B X tan. S B; that is, 
sin. R. A. cotan. obliquity x tan. dee. ^ 

Or, representing the sun’s declination by 5, and the obliquity of the ecliptic by w, 
we have 

. Tj . tan 5 j 

Bin R A. = 


Example . — The following observations of the sun’s centre were made at Greenwich 
in 1851 


Date. ^ 

yun’h R, A. Observed. 

Sun’s Dec. Observed. 


li. ra. H. 

O 9 

* 

Sept. 15 

11 34 1615 

2 47 

Oils N. 

16 

37 51*22 

2 23 

50 70 N. 

21 

55 48*55 

0,27 

15 35 N. 

22 

59 24*19 

0 3 

61-63 N. 

23 

12 3 0*32 

0 19 

33 76 S. 

- 4 


PRACTICAL ASTRONOMY.- 




Oddf^EYAtl^IlS. 


m 

The Mdtrtiif example, from the appendix to tbo Qx«eexirieh OheertttHotiB^ 16dl, 
T#ill explaia thit proeesB 

Errors of the Assumed Position of the First Foint of Aries, hy OhserVations made 
near the Temal and Autumnal Equinoxes of 1802. 

Assumed latitude of Observatory a. . Si'* 28' 38***9 

Assumed mean obliquity, 1802, January 1 . . .23'^ 27' 55'**58 

Assumed mean E. A. of a Aquilao, 1802, Jan iiAry 1, lOh. 4lm. 7s.*00. 


Month 

and 

Day. 

1602. 

, Sun's H. A. 1 Sun’s 11. A. 
from observa- nomputedfrom 

1 tion of j observed 
transits. Decliniition. 

Excess 1 
of 1 
computed 1 
K. A. , 

Month 

and 

Dav. 

isoiz. 

1 Run’s R. A. 
from obserta- 
tion of 
Transits. 

Rub’s It. A. ' 
computed from 
observed 
DedUnation, 

Excess 

of 

oomi.utcd 

K. A. 


( 

O ! ft 

1 

\ O t tt 

" 1 


6 » >* 

0 t tt 

,, 

Feb. 13 326 2748-6 

326 28 176 

+ 2^>0 ' 

Oct. 30 

214 214-9 

214 140-7 

-34 2 

14 1 

327 26 28 5 

327 26 52 5 

+ 24 0 J 

i 28 ' 

212 5 53-7; 

212 6 29-6 

1— 24 2 

26 '338 66 404 

338 57 7 2 

+ 268 '1 

i ifi' 

200 42 44-81 

200 42 19'9 

24 9 

27 1 330 63 17 3 

339 53 38 5 

+ 212 i 

i 15 

199 46 52-5 1 

1 191^ 46 30-2 i— 22 3 

liar. 11341 45 64 8 

341 4t3 21 1 

+ 26-3 !; 

i 14 

198 51 5-5 

198 50 45-0 i 

— 20 6 

7 

347 20 51-8 

347 21 18 6 

+ 26 7 'j 

i 7 

192 24 31-6 

[192 24 12-0; 

i- 19-6 

16 354 41 56 4 

354 42 12 9 

+ 165 : 

Sept 29 

185 82 3-() 

186 810 - 4 ' 

— 13 2 

18 ' 

357 ‘:6 4 0 

357 26 10 4 

+ 64 li 

i 20 

182 26 62-6 

1 182 25 40-3 i 

- 122 

20 i 359 15180, 350 15 3*3 5 i 

+ 15 5 1 

1 24 U 80 37 54-6 

; J80 37 35-1 ' 

— 19-5 

23 ; 

1 58 63 7 1 

1 59 7 8 

+ 141 ' 

31 

1 177 65 57-8 

177 65 43 9' 

— 13 9 

25 1 

3 47 46 4 1 

3 47 57 5 

+ 111 

19 

176 8 15-6 

il70 755 - 2 : 

— 20*4 

26 1 

4 42 1471 

4 42 26 8 

+121 

18 

175 14 20-3 

175 14 11 8 ; 

- 85 

27 1 

5 36 41 3 i 

5 36 50 7 

+ 94 

! 17 

174 20 33-3 

174 20 10-4 1 

— 22 9 

28 j 

6 31 110' 

6 31 24 1 

+ 131 

; 16 

1T3 26. 38 7 

173 26 226] 

-161 

29 I 

7 25 4021 

7 25 57 5 

+ 173 , 

' 15 

172 32 44-3 

172 32 33-3 

-110 

31 

9 14 39-2 1 

9 14 53 9 

+ 14 7 ' 

13 

170 45 1 6 

170 44 41-6 

— 20-0 

Apr. 1 

10 9 971 

10 9 22 0 

i + 123 . 

12 

169 51 75 I 

169 5(»51-9 

— 15 6 

4 

12 52 67 6; 

12 63 115 

1 + 13 9 

1 9 

167 9 17 0 

167 91 5-31 

— 1-7 

5 

13 47 37 1 

i 13 47 53 9 

1 + 108 


IOC 15 12-8 ! 

166 14 6(i-4 ; 

— 16 4 

10 

18 21369 

18 21 46 3 

'+ 94 , 

1 3 

161 44 9 0 

i 161 44 16-5 ' 

+ 7-5 

12 

20 11 37 5 

20 11 58 3 j 

+ 20 8 

' I 

15.*^^ 55 15 9’ 

1159 63 9-0' 

- 6 9 

14 

22 1 58 9 

, 22 2 94 ! 

+ 10 6 , 

Ang.SO 

158 6 5 0 

158 6 68-71 

-63 ! 


i 

Mean :-|-lG72 

i j 


Mean | 

— 15 58 1 

The correction applicable to tlic right ascenwions of all stars observed m 

1802 is 1 


± ■■ 
2 


lo-o8 


R. 

= G-57 = -f 0*04. 


Errors of collimation ma)'” be dctc'rminod by a miemnictor attnehedto the cyc-piere 
of the telescope, by wbicb the angular distance of the object from the central wire is 
first measured. The instrupif nt is then reversed, and the distance of the same object 
from the central wire again incaRured. The azimuthal direction may be found by 
comparing any two Vfars, difiering in declination, whose places arc known, Polaris 
being generally one of these stars. At tho present time the jilaccs of certain fixed stars 
are used for these purposes, and a correction of the assumed equinox is obtained from all 
the right ascensions and north polar distances of the sun. (See the annual volurmes of 
the Greenwich and Cambridge Observations.) 



APPAREKT ERROaS OP CLOCK. dl9 


When the preceding errors of ccfllnnatiozi, level, and atimntli lutpe been applied to 
tbe resulta of observatione, tbe transit instrument can be nsefolly employed in tiie de* 
termination of accurate time and the investigation of apparent right asceasionB. The 
“Nautical Almanac’* contains the apparent places, for every tenth day in the year, of 
certain fixed stars called cloc^ stars, which can be immediately compared with ^e cor- 
rected instrumental results. A scries of clock errors for certain epochs of time will thus 
be obtained (by taking the differences of the ibrogoing numbers) ; which, being 
gp:x)uped on successive days, will give at once a rate of the clock. In adopting the rate 
for use, duo weight must be allowed for tho interval of time on which each deduced 
rate depends, and also on its relative accuracy with regard to tho number and distribu- | 
tion of the clock stais. 

Apparent Errors of the Transit Clock, and Adopted CJock Rates and Clock EiTors at 
Oh Sidereal, in the Year 1848. 


!f|t !sc| I. 

rPMiii fils 33 

I C-P tt.'t..'**" l-ifc 6 ^ 


0-44 


420 


OBSBRTATIOKB WITH TRANSIT CIRCLE. 


The following fonns will show the method of reducing transit ohserrationa at the 
Royal Obsenratory, Greenwich, as well as the formation of clock errors at Oh. sidereal 
and adopted rates : — 

Example l.-«Obseryations of Transits in the Tear 1851 ilrlth the Transit Circle, and 
Computations of Bight Ascension. 


d. h. in. d. h. m. 

Approx. Sol. Time. August 15 8 27 15 10 26 


d. h. m. 
15 10 32 


d. b. m. 
15 10 49 


Name of Object. Sagitarii. 6 Aquile. a ^Caprioorni. c Delphini. 


Approx. N.P.D. of 
Object. 

Observer. 



]^eading of Transit 
Micrometer. 


Trans, over wire I. 
« 1, 11 . 


„ YII. 18 4 J47 
7) 26-0 

Add. . . , 


B. b. m. B. b. m. s. h. tn. h. 

26-2 16 2 24-4 43 1 

tl-2 29 1 38 3 67-3 

55-9 42-8 52*3 11-4 

10-7 56-7 6-4 25-3 

25- 6 10-4 20-9 39 6 

i07 24-4 36*2 63*6 

54-7 20 3 38-0 20 9 49 4 20 26 7 3 

26- 0 7) 36-6 7) 36-9 l 

¥57 6-23 ' ” 6*27 “ ‘ 5"44 

714 1-43 143 

18 4 i0 71 “20 2 66-66 20 9 670 20 25 25 44 


Col. error — 076 X|4- *071= — *05 -f- *067 
Level err. - 4*34 X + ^0 21 = — 09 
Azim. err.— 0-36 X = — *03 + *053 ■ 

True Transit over _ 

Meridian 18 4 10-54 20 

Clock slow at Ob. 

Biderl. preceding ^ 41 -83 

Adop. los. rate 1-14 -86 

Ob. R. A. of Object fS 4 53*23 ^0 

Star's Correc, with 

Sign changed .. . — ____ 

Obser. Mean R. A 

Jan. 1, lor Stars. IS 4 ol'H 20 


•05+^68 — -05 + -068 — 05 

'•I 7 -h ‘029 — -1 3 -f"05T^~^23 

'02 + .062 — 02 0^4 — ' *02 


20 2 56-42 

'41*83 

*^5 

20 3 39*20 


20 3 36*96 


”20‘9 6 50 20 25 25* 14 


41-83 

'96 

■ 20 9 49-29 


41-83 
_ *97 
20 26 7*94 


20 9 46-96 20 26 5-69 


Having obtained the e^or of the clock at any certain period, and also the rate, by a 
simple interpolation we can find its error at any other time. When this is applied to 
the observed transit (properly corrected), the apparent right ascension is at once obtained. 
This can be convertt‘d into the mean right ascension for the beginning of each year, by 

















COMPUTATIONS OF STAK CORRECTIONS. 431 


the day numbera, B, 0, D, given in the ** Nautical Almanac,’' combined with the 
star constants, e, A British Association Catalogue. This method of deter* 

mining the corrections for precession, nutation, and aberration, is so lucidly explained in 
the latter work, that we shall content ourselves by simply referring to it ; but we may 
mention that, for the purpose of avoiding negative signs in their computations, the 
Astronomer Royal has ingeniously transformed these formulsD. (See the Introduction to 
the Greenwich Twelve Year Catalogue.) The annexed examples worked out will 
illustrate all the preceding formula). 


Example II. — ^Computation of Star Corrections applicable to Mean R. A. by the New 
Constants, in the Tear 1851. 


Star's R. A. 

Star’s N. P. D. 

Reference for Star 
Constants. 






August 15.' 




/i Sagittarii. 

e Aquiles. 

a* Capricorn!. 

€ Delphini.' 




w 





1578 

Gr. 12 yr. Cat. 

1804 

Gr. 12 yr. Cat. 

1816 

Gr. 1 2 yr. Cat, 

1836 

Gr. 12 yr. Cat. 

1-60053 

0-07971 

1*00053 

0*09141 

1*60053 

0*09228 

8. 

1-69281 49-296 

1*60053 

0*09355 

1-68021 47-890 

1*69194 49*197 

1*69408 49*440 

1*09921 

0*05253 

1*09921 

0*05794 

1-09921 • 
0-06774 

1*09921 

0*05897 

1*15174 14*182 

1-16716 14-360 

1-15695 14-353 

1-15818 14-394 

0- 18447 

1- 45615 

0- 18447 

1- 44866 

0- 18447 

1- 45226 i 

0- 18447 

1- 44507 

-1-64062 43-714 

1*63312 42*966 

1*63673 43*324 

1*62954 42*613 

1-46769 

0-07899 

1*45769 

0-07891 

1*45769 

0*07618 

1-46769 • 

0-08191 

r 1-63668 34-410 

1*53660 34*403 

1-63387 04-188 

1*53960 34*642 

74-433 
• 87-459 

74-433 

86-878 

74*433 

86*736 

74-433 

86-727 

s 302*088 

t 300*000 

302*237 

300*000 

30^*330 

800*000 

302*249 

800*000 

2-088 

2-237 

a 

2*330 

2*249 







it 
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The followiag example will show the methods detorqaiiUQg aKijaitti^ 
of the transit inatrament at the Royal Observatory, Greenwich 


Approximate 
Soiar Tune. 
IS 18. 


(L h. 

April 28, 9 


i April 28 , 10 ^ 


Transit^ Corrected for Error of CollimaUon and Level Error, with the 
Correotions for Uiucli Hate and Change of H> A-, and inferred Aiimuthal HF^ora. 


h. m. B. 

Transit of ^ Leon^ corro^^^^ _ 46-45 + z x 0-041 

I WO CilOiS j 

Tabular Bight Ascension . . 11 41 1974 

Clock Slow ^34'29 

s. h.m. 

Rate [1*25] for 1 20 . . ! + *07 


Transit of Polaris S. P. 
Tabular lUght_ Ascension 


-f 8-55 


3P3G — z X 0‘041 
h. m. 8. 

13 3 25*85 +z X 1038 
1 4 876 

'mi — A X V638 




J une 13, 8 
20 


Transit of Pcilaria S. . 

Transit of Polaris . . . 

«. h. 

dock Rate [P<16] for 12 . 
Subtract Incri’aaoofJ 

R, A- in 12h. 


h. p.. 6. 

13 4 5*46 -f z X P638 


'I- 


I 4 15*84 »-»* z ’X 1*6,33 

+ 0*63 
— 0*40 


Z = + 


10'5l 

3771 


1 4 15*97 + z X 1-533 
= + 3'''314 


; The practical directions for using them, as gireii in the Greenwich Observation# 

' are as follows (1848, page xz.) :~ 

, “ If two consecutive transits of Polaris have been observed, the first transit (as 

i corrected for error of collimation and level error) is altered by the change of the 
I star’s light afecension, and by the estimated clock error for 12h. ; and the difference, 
i in seconds of time, between tho altered first transit and the second transit (rejecting 
’ 12b.) is divided by 3*171 to obtain the azimuthal error in second of space. 

“If three transits have been observed, the difference between the first and second 
is taken (rejecting 12h.),, and the difference between# the second and third in like 
raanr^cr , and tho mean between these is supposad to be independent uf the change of 
right ascension and the jclock’s rate, and is then divided by 3*171. 
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** If several transits have been observed, the same process is used for every succes- 
sive sot of three, and the results are used separately, or the mean of the results is 
tahen, according as there appears reason to think that the position of the instrument 
has or has not undergone a change.** 

Example of the Determination of Azimuthal Error by ^hree Consecutive Transits 
of Polaris : — 

Transit corrected for two errors. 


1846. Dec. 15. Polaris . 


h. m. s. 

1 4 49 39 


Dec. 15. Polaris, S. P. . 13 4 35 ‘30 


+ 14*09 

) 

-f 11-78 


Dec. 16. . Polaris 


1 4 47-08 


-f- 12-94 


X 12-94 _ 

- a 148 — + 


On the Determination of Terrestrial liongitudes. — In this section we 
shall explain the principal methods used in the determination of terrestrial longi- 
tudes: — 

' Longitudes by transits of the moon and moon culminating stars. 

The first introduction of this method appears to be entirely due to the German 
astronomers. About the year 1820 it was agreed on by Gauss, Bessel, Struve, Nicolai, 
and others, to observe transits of the moon, and certain pre-arranged stars lying in its 
I parallel, for the purpose of determining longitudes. The celebrated Schumacher gave 
I his zealous co-operation by the immediate publication of the results in the “ Astro- 
I nomisch Nachrichlen.’* In these kingdoms the method was cultivated by Dr. Brink- 
ley and the late Mr. Baily, the latter astronomer having contributed to its advance- 
ment by his memoir on the subject in the Transactions of the Eoyal Astronomical 
Society, which led to the insertion of the requisite data in the pages of the “ Nautical 
Almanac.** 

The stars with which the moon is to be compar’d are selected in the same parallel 
of declination, for the purpose of nullifying any small errors which may be left on the 
transit instrument ; but notwithstanding all the care which was taken by these refine- 
ments, there are still uncertainties produced by irradiation and a peculiar personal 
equation of the limbs of the moon, which tend to throw doubt on the results. The 
former quantity, or “ irradiation,*’ may he eliminated by the results of the moon’s 1 L. 
and 2 L. ; but the latter is a vaiiable and unknown quantity, in some instances affecting 
the transits of the first and second limb in a different proportion. In the following 
pages we will show the method pursued by the Astronomer Royal in the longitudes of 
the North American boundary, and also those of MM. Rumker and Struve. The method 
of the Astronomer^oyal is to be used in cases where there are no corresponding obser- 
vations, and the results will consequently be affected with the tabular errors of the 
moon’s right ascension in the Nautical Almanac,” an approximation to which, how- 
ever, may be made by observations on other days at any standard observatory. The 
methods of M. Rumker and Professor Struve are intended for corresponding obeerva- 
tions ; the former having been applied in the determination of the longitude of Fort 
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Stephens, New South Wales, and the latter in the longitudes of seyeral places in Tur- 
key, during the years 1828 to 1832 inclusiTe, 

The first method of determining longitudes is by the absolute right ascensions of 
the moon's limb, and is only to be used where there aie no corresponding obscirations 
of moon culminating stars. Jt consists in making two assumptions of longitude, differ- 
ing by any known quantity, and interpolating for these times the right ascensions of 
the moon's limb from the numbers given in the section of “ Moon Culminating Stars" in 
the Nautical Almanac. These tabular ^ht ascensions are given for the time of transit 
of the upper and lower meridian at Greenwich. By comparing the interpolated data with 
the result of the meridian observation at the place, the exact difference of longitude 
may be found by a simple proportion. The true difference of longitude being supposed 
to lie between two assumptions 1' different, the following will be the proportion 

As the difference of the two interpolated B. A.'s :* 60 sec. ; : the difference between 
the R. A. of observation, and the computed R. A. : the correction of the first assumption. 
The data from the “ Nautical Almanac" are as follows ; — 

Moon's R. A. on preceding day. 

R. A. at lower passage, preceding day. 

R. A. of corresponding day. ' 

Moon’s R. A. at next lower passage. • 

Moon's R. A. at following day. 

The following method of interpolation may be used, the fourth differences being ^ 
considered constant : — 

Suppose In this, for \ write — 2, — 1, 0, + 1, + 2, 

and take the differences. This gives — ■ 



Ist differences. 

2nd diff. 

3rd diff. 

4th diff. 

0—2 r=Op — 6 + c |-d+e 

Hi — ff,) + ft + c - d + c 

02 =Oo + 26 + 4c8 + rf+16<i 

+ 6 — 3 c + 7 d — 15 e 

— h — c-\- d — e 

+b+e+d+e 

i-l-3c + 7d-fl5« 

1 

2 c — 6 rf + 14 e 

2c-^2e 

2c-\-0d-i-lie 

Gd — 12 c 

6d + 12« 

24 c 

= A'"' 


Now take the differences of the terms a-,, a,,, a^, thus— 


-.0 

+ A’, J.A" 

«-l +'^ I ^ 

+ A', . 

a_j 


+ A" 


24 t = 


I Comparing this with the foregoing 
r difference, we shall hare 


24 


A'" >4- 

6<i + 12« + 6<i— 12»= A'"_j + A"', <f= ° 


2«+2a= A"o A » = f 
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LONGITUDES DEDUCED FBOM LUNA& TRANSITS. 


h c d c i (i 


+a; .-. '- 


«» = «„ + - <j) A“ + (^” - e) /<= + ** 

f 

Tlia interval between any two consecutive terms of the given quantities> as 
4U,, 0 ^ 1 , is supposed to be unity, and thcrej^o h must be a fractional part of this 
unit. Thus, if this interval be 12h., and tie titue for interpolation 3h. 20m-f theu 

h zz: — * tbe interval between the consecutive quantities be 24h., then we 


i.2h. 

should hove h 


3h 20nL^ 
“24hr * 


and so on for other intervals. 


The following example will illustrate the whole process : — 

Longitude of Port Essington, north-east coast of Australia, deduced from lunar 
transits observed there in 1839 by Captain Owen Stanley, R.K. 

’ The following meridian right ascensions of the moon’s 1 L, at Port Essington are 
found by the usual means, applying carefully the error and rate of the chronometer . — 

R.A. 



h. 

«. 


June 20, ^ 1 L. 

. 12 

60 

14*38 

June 22, }) 1 L. 

. U 

20 

5701 

June 24, 2) 1 L. 

. 16 

2 

59*99 

June 25, 1 L. 

. 16 

59 

ll'll 

&c. 


&c. 



By assuming two longitudes, 8h. 49m. cast and 8h. 48 lu. east, and interpolating, 
with fourth differences, the right ascension of the moon’s limb, from the data for 
upper and lower transit over the Greenwich meridian, I find for longitude 8h. 49m. 
east, right ascension of the moon’s 1 L., 12h. 50m. 14s. -64; and fim longitude 8h. 48m. 
east, right ascension of the moon’s 1 L., 12h. 50m. lf>8.*46. The correction to the 
tabular right ascension of the moon’s 1 L. is — Od.'27, from an observation made at 
the Royal Observatory, Edinburgh. 

The observed right ascension of the mooo’s 1 L. is 12h. 60m. 14s.*38; therefore, by 
a proportion, the longitude from this observation is 8h. 48m. 598. '67 east. 

Proceeding in a similar manner, we find for the observation on 1839, June 25, for 
assumptions of longitude 8h, 49m. east and 8h. 48m. cast, the right ascensions of 
the moon’s 1 16h. 59m. 9fi.'95 and 16h. 59m, 128.-36 respectively (a correction of 

-|- Os'OO being applied from the Hamburg mcridiim observation). 

The result of the meridian observation at Poii; Essington is ICh. 59m. lls.'ll ; 
therefore the resulting long'tudc is 8h. 48in. 31s.*12 east. ' 

The second method will include the use of moon culminating stars observed at 
other stations. The simplest way is to form diSwenceB at each observatory between 
the transits of the moon’s limb and each moon culminating star (properly corrected 
for the rate of the clock ili the interval). Comparing these differences with the 
respective differences at other stations, the increase of the right ascension of the moon’s 
limb will be obtained, which will, however, differ from the increase in the right 
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ascension of tbe moon's centre, in consequence of the change of the moon's geocentric 
semi-diametcp in the interval of the two passages. This correction may be computed 
as follows ; — If the geocentric radius of the moon eulmiuating in A is callfid r, and the 
true declination d ; and fon a culmination at anothei station, 13, these quantities are 
called p and S respectively, tte correction will he 


r+ A {-! 

15 \co 


the true difference of the right ascension of the centre for both times of observation. 
The sign — applies to the western limb, and the sign + to eastern limb. 

But if the apparent right ascensions of all the objects observed are given at the 
stations, the more direct way will bo as follows (Struve’s method) ; — 

Example. — 184G, March 10. The following corresponding observations of the 
moon 1 L and moon culminators were observed at Gr(‘enwich, Oxford, Hamburg, and 
Georgetown (U.S.) Observatories. The differences of longitude of Greenwich, Oxford, 
and Hamburg are suiiposed to be accurately known ; and it is proposed to determine 
the longitude of the Georgetown Observatory. 

The longitude of Oxford is . . 5m. 2s. *6 W. 

„ „ Hamburg . . 39m. ola.-l E. * 

„ ,, Georgetown . 5b. Sm. 20s. 4* "West 

18A6, March 10. Apparent Eight Ascensions Observed ' 



Oreenwich. 

Oxford. 

TTamburg. 

Oeorgetown, 

4 Loonia 

h. m. fl. 

9 23 40*73 

h. m. s. 

9 23 40-94 

b. m. .. 

9 23 40-773 

h. m. s. 

0 Lconis 

0 32 67*99 

9 32 58*0« 

9 32 67-996 

0 32 57*995 

D 1 L 

9 44 4*21 

1 9 44 14*22 

9 42 44*650 

9 54 13*876 

Ef'gulus 

10 0 12.39 

10 0 12-42 

10 0 12-327 

10 0 12*380 

p Lconis 

10 24 44*47 

1 10 24 44*46 

1 

10 24 44*368 



Then, comparing each star with the Greenwich Observation, we have the following 
corrections : — 


Name of Star. 

Oxford. 

Hamburg. 

Georgetown. 

f Lconis. 

— 0-21 

e. 

- 0 043 


0 Leonis. 

— 0-09 

- 0*006 

— 0*005 

Eegulua. 

— 0*03 

-f 0*063 

+ 0*010 

p Leonis. 

a_ 

+ 0*01 

+ 0*112 j 


Mean. 

— 0*08 j 

+ 0-032 j 

-f 0*003 

-# -- -- 


MTien the above corrections are applied to the right .ascension of the moon’s limb, 
we shall be enabled to give its place independent of any errors, either in the assumed 
equinox, or of any small residual instrumental correction. Thus, the following sidereal 
times of observation are formed : — 
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61DEKEAI. TIME OF OBSE£YATION< 





Greenwich. 

Oxford. 

Hamburg. 

! 

Georgetown. 

Sidereal time of observation 
Longitude 

h. m. 8. 

9 44 4*210 

0 0*000 

h. m. s. 

9 44 14*140 

+ 5 2-60(f 

h. m. 8. 

‘9 42 44*882 

— 39 54*100 

h. m. 8. 

964 13*879 

+ 5 8 20-000 

Greenwich sidereal time . 

9 44 4*210 

9 49 16*740 

9 2 50-782 

15 2 33*879 

Greenwich mean solar time 

10 31 13-45 

10 37 26-94 

9 60 6-77 

15 48 50-95 


Interpolating for these times, from the Nautical Almanac,” we find ihe following 
right ascensions, declinations, and semi-diameters of the moon 



5*8 R. A. of Centre. 

}) '8 Semid. 

D’s Geo. Decl. 

For the Greenwich Merid. Passage 
„ Oxford „ 

„ Hamburg „ 

„ Georgetown „ 

h. m. B. 

9 45 3-86 

9 45 13*84 

9 43 44 87 

9 55 13-54 

// / 

14 48*06 
14 48*06 
14 47-96 
14 48*93 

o f n 

4- 8 22 53 
-h 8 21 48 
+ 8 29 10 
4-7 33 40 


Computing the moon’s geocentric radius, by the formula 
the four observations 


2 >'b scmid. 
15 cos decl/ 


we have for 


Greenwich 

Oxford 

Edinburgh 

Georgetown 

Observed 11. A. 
of 2)’8 1 L. 

2) ’8 Semid, 

Observed R. A 
of Centre. 

Seconds of 
N. A. 

Corrections 
ofN. A. 

Means. 

IS COB. Decl 

h. m. 8. 

9 44 4-210 
9 44 14-140 
9 42 44-882 
9 54 13-879 

59*843 
59 843 
59 852 
59-782 

h. m. s. 

9 45 4*053 
9 45 13 983 
9 43 44*734 

9 55 13*061 

8. 

3 86 
13-84 

I 44*87 
13*54 

+ 0193 
+ 0-143 
— 0-136 
+ 0-121 

D.A. 

1 + 0-067 
D.A. 


The longitudes of the first three observatories are considered well known, and, by 
taking their means, we obtain Os. *067. The correction from the assumed longitude 
of Georgetown is + 0s.*121; therefore the difference, + Os. *64, is to he converted into an 
error of longitude. 

The motion of the moou in R. A. at the time of Georgetown transit, by the formula 


dL = 




, where i? is -J- llSs/OS in Im., or + Os, *03197 in 1 second of 
sidereal time — Whence ^he correction of the assumed longitude is zi: + 1 b.* 69 , 

wSt Uol I t f 

or the true longitude from this observation is 6h. 8m. 21s. *69 west. 

The following additional example of the determination of longitude by observation 
of the moon and moon-culminating stars, is from Struve’s ** Geographical In^irestiga'^ 
tions in Turkey.” 
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1831, May 22, the following transita of the moon and moon culminating stars were 
observed : — 

APPABENT BIGHT ASCENSIONS. 


e Virginis . 
Ij. ■ • 

Virnnis . 
174 ^’lrginis 


h. m. fl. 

13 1 14'16 
13 46-60 
26 45-64 
35 8-90 


h. m. 6. 

13 1 13-83 

13 40-93 
26 45*80 
55 8-61 


Cracow. 

Greenwich. 

h. m. s. 

h. m. B. 

13 1 13-90 


14 34-03 

13 17 10-37 

26 46-76 

26 46-77 

35 8-87 

36 8 81 


Taking the mean of the apparent right ascension at Dorpat and Cracow, wc obtain- 

h. ni. s. 

6 Virginis . 13 1 13'80) 

13 . . 26 45-77 [• 

174 . . . 35 8-74) 


The following table of reductions is formed 


Object. 

Schurscha. 

Dorpat, 

Cracow. 

Qreenwich. 

6 Virginis . 

Virginis . 
174 Virginis 

— 0-30 
+ 0-13 

— 0-16 

s. 

+ 0 03 
— 0-03 
. + 0-13 

— 0-04 
+ 0-02 

— 0-13 

p 

— 0-00 
— 0 07 

Means . 

— 0-11 

4- 0-04 

— 0-05 

— 0*03 


By applying which to the observed right ascension of the moon’s 1 L, the right ascen- 
sions of the moon’s I L. are obtained, viz. — 


At Schurscha 
Dorpat 
Cracow 
Greenwich 


h. m. B. 

13 13 46*49 
13 13 40-97 
13 14 34-00 
13 17 10-34 


Proceeding, then, with an assumption of longitude of Schurscha = 4, wo obtain a 
correction of the ephemeris d A', which includes both the error of the ephemeris, and 
also the motion of the moon in K. A. produced by an error in the assumed longitude. 
The error of the ephemeris having been determined by the comparison of the observa- 
tions at Dorpat, Cracow, and Greenwich, the residual error at Schurscha will be 
entirely due to the erroneous assumption of the longitude of the latter place. Thus, 
if A bo the correction of the ephemeris determined at the three standard observatories; 
and, if tbc observed right ascension of the moon at Schurscha be o', and that from the 
ephemeris A', so thfit o' — A' =. d A', then the correction of the assumed west 
longitude— • 

— d A 


The longitude of the place deduced from the lunar* culmination will be then L = 

h^dlu. 

fl is the increase in R. A. (in arc) for the time of observation at the required place. 
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Assuming L' s= Ih. Sinii 0ft.*d from Parity and oomputiiig tlio valuo of th« geoecn 

trie radius of the moon, by the preceding method the following table is formed 



. o » »» t tt n f tt o f ff 

Schuraeba 8 25 17‘39 198 26 37-35 + 14 54-40 198 41 31 84 108 41 63-37 rf A' it — 21-73 

Dorpat 8 21 38-48 198 25 11*55 14 54*50 198 40 9*05 198 40 9-46 rfA=— 9*41 


49 29-93 198 38 30-00 


14 64-46 198 63 24*40 198 63 24*47 


Greenwich 10 11 45-25 | 190 17 35^10 + 14 51-34 | 190 32 29 14 198 32 31-68 =— 2-24 

I ^ ' 

Tho three observatories irivc an error of the cphemcris very accordant j the mean 
is d A = — 0"'88, wnlh |a=: 0"*4744. 

' —21*73 + 0*88 —20'' So 

dLziz. ’ — — — — — 44*0 sec. 

0-4744 U 1744 

h. m, 8. 

or the longitude of Scburscha — 1 84 44*0 from Paris. 

' Tho comparison w^di tho individual observatories give* — 


With Dorpat J L = 


— 21" 32 b. m. p. 

”(74741 ~ ~ ^ longitude — 131 14-9. 


— 21 *72 

(747 1 1 


= 46*9. 


Greenwich = ' 


The Mean is 


= 1 u 44-0. 


M. Struve then proceeds to investigate tho ditferoiiccs of detrmiiiiations of longi- 
tude by the moon’s 1 L., and moMu’s 2 L., and finds it necessary, in order to reconcile 
the observations made at twelve stations, to increase determinations of longi- 
tude by the moon’s 1 L. 7s. *2, and to diminish those of the moon^s 2 L. by the like 
quantity. 

The following additional cxamplns of the determination of longitudes by moon cul- 
minators arc extracted from Tluinkor’s ‘‘Langen Boslimmung duith den Mond,” 
Hamburg, 1849. 

The longitude of Hamburg, in three examples, being supposed to be well known, let 
p be tho sidereal time of the ('atlier, and tt that of the later culmination ; i the mean time 
of the earlier culmination, r ud t that of the later, deduced from <nc known longitude. 
Then for these times tho moon’s right as( en.sion**, declinations, and semi-diameters (viz. 
a and a, d and 5, r and p rcspeclividy), are to he interpolated from the ephemeris. There 
will thus he obtained from llic epliemeria tlie differences of the moon’s right ascension 
a — a, and there will be deduced from the obscrv.'itions the difference w — p -i: 
(p sec d — ?* sec d) = A, the tapper sign applying to tlio and the lotver tc tho 
second limb of the moon. Hence there will be this proportion — 
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a — 0 : A = 
, ("^ ~iJ) - 


= T — / : A — L ; 

= <?, tho correction of the assumod longitude. 


consequently (A — (o — a) ' ^ tho correction of the assumed longitude. 

The westerly place in these, examples being the first, the sign of c is to be changed. 

The observations at Port Stephens were made by Captain King, ]t.N., and have been 
published in the monthly notices of tho Royal Astronomical Society ; those at Hamburg, 
by M. Rumker, are given in the twenty-second volume of the “ Astronomische 
Nachrichten.” 

1843, April 12, Hamburg, East. April 13, Port Stephens, West. 


Moon’s 1 L. 
rj Virginia 


h. m. p* 

11 43 39*797 

12 11 65*612 


yj Virginis 
Moon’s 1 L. . 


h. m. B. 

12 12 21*38 
12 19 12*10 


Thin reducing 'Jie sidereal clock times of the star’s passage to one standard, as 
Hamburg, wc have the right ascension of the moon’s IL. at Port Stephens, 12h. 18m. 
46S-392. 


Moon’s 1 L, p . . . 

Sid. time at moan noon 

Acceleration .... 


h. m. B. 

n 43 39*797 
1 20 2*456 


10 23 37-842 
- 1 42*165 

10 21 55 1 77 ! 


Moon’s 1 L. TT . , . , 

Sid. time at mean noon 

Acceleration . . . 


h. ]U. 8. 

12 18 16 m)2 

\ 22 25-662 
to 5ir20730 
^ 1 47426 


Mean Ilfimbiirg tiTiie . . 10 21 55 177 
Long. L 39 *^1*000 

Mean Greenwich time f. , 9 42 1*77 
April 1 2. 


Mean time at Port Stephen 10 54 33*204 
A 10 8 7*000 

Mean Greenwich time t. 0 IG 34*20 
April 13, 


Tho right ascensions of tho moon’s limbs accurately interpolated from the hourly 
cphcmcris in tho “Nautical Almanac” are — 

h. m. 8. 

lilt 17*1369 = 

And 12 19 54*1846 =r a 

35 7*0477 — a 

2107*0477 =a 

The moi n’s semi-diametors accurately interpolated are, respectively, r = 10’ 39”*414, 
p = 16' 41"*8745. The declinations are respectively d = 3^ 47^ 5”, 8 = 7® 37' 34"*5. 

Log. r r= 999*414 2*9997464 p = 1001-8742 log. 3*0008133 

Log sec. c7= r 47' 5” = 0*0309482 8 = T 37' 34"*5 log. sec. 0*0038585 

3*0006936 3*0040718 


r see. d=: 1001"*5985 

rserd = 1001*5985 
p see 6 = 1010*8150 


p scfi 8 — n sec <!? 


= — r.- = -f- 0 6141 
lo ' 


I sec. 5 = 4010’”*815 
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h. m. ■. 

IT B 12 18 46'392 
j» = 11 43 39797 

ir^pzz a6 6-695 = 2106-5960 
A = 2107-2094 

o — a = 2107-0477 Ar. co. log = 6-676826 

A — (a — fl) = + 0-1617 log B 9-208791 

r — « = 15 T 26-027 = 54265-027 • log = 4-734620 

log = 0-619637 

e. ■ - ■ " 

Correction = — 4-165 
X = 10 8 7 000 

Sine longitude = 10 8 2 835 

Meridian or Mural Circle. — Tho north polar distance of an object is determined 
by means of the meridian or mural circle. Previous to the introduction of the circle^ 
the astronomical quadrant was used for this purpose ; but it was discovered, about the 
' beginning of the present century, that its results had been in a great measure vitiated 
by the expansion of the instrument, and consequent change of figure. The late Astro- 
nomer Royal (Mr. Pond), by aid of a circle only two feet in diameter, was enabled to 
detect and point out the errors of the Greenwich quadrant by a direct comparison of 
the results of the two instruments. Since that time circular instruments have been 
* very generally employed. The improved method of graduation, fii-st introduced by 
Troughton in 1806, and the previous invention of the micrometer-microscope by i 
Ramsdoii, have allowed artists to give to this instrument the greatest degree of per- i 
fection. The first large instrument of this class appears to have been the Greenwich | 
mural circle, which was completed by Trougbton in 181 1, and which, in severaJ details, 
may almost be considered as a new instrument. Some years previously, the celebrated 
Ramsden made a circle of five feet in diameter, with which Piazzi framed his groat 
catalogue. The idea, however, is an old one, as Rocmer, altliough better known as llie j 
inventor of the transit instrument, used a meridian circle for several years similar in 
construction to the modern form. In his letter to Leibnitz, December 15, 1700, ho | 
mentions that he preferred an entire circle of four feet in diameter to a quadrant of eight 
feet radius. Of his observations with the meridian circle, extending from December 
1704 to December 1710, only three days remain, the others having been destroyed 
by the fire which occurred at llafnia, October 2, 1728. These three days’ observations, 
fiom October 20 to October 23, 170G, have been carefully reduced by Dr. Gallo, and 
contained in his “ Inaugural Dissertation,” printed at Berlin in 1845. The diameter of 
this meridian circle and the length of the axis was five feet and a quarter ; the length 
of the telescope fixe^ to tho axis was fivc'fect. The circle was read oflP” by two 
microscopes placed at an interval of 10^. 

Tho mural circle consists of the graduated circle (Fig. 196) fixed in the meridian, and 
supported by a long axis, on which it revolves. This axis passes through a bjock of 
stone or solid masonry, the weight of the instrument being taken off the pivots by means 
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of counterpoises placed at the back of the pier. The circle is generally graduated on its 
rim from 0® to 360®, and also into smaller subdxTisions of 6' of arc. 

The instrument is furnished with a telescope, B B, firmly fixed to the axis, and per- 
pendicular to its plane, with which it revolves. The divisions are road by micrometer- 
microscopes, F, generally sfx in number placed at equal distances around its circum- 
ference, their object being te eliminate, by readings of opposite diameters, errors 



Fig. 1* b. 


arising from eccentricity, flexure of the axis, and expansion. The size of tlie instru- 
ment nt the principal observatories varies from four to eight feet in diameter. The 
Greenwich ci'-cles were six feet ; that at Cambridge is of eight feet in diameter. The 
number of microscopes made use of at Oxford and Edinburgh is four ; at Greenwich 
and Cambridge six are constantly read off. It was formerly thought necessary to have 
two instruments at Greenwich for determining a star’s place, namely, a transit instru- 
ment and Troughton’s mural circle ; but a larger transit circle has been constructed 
for the Observatory, under the direction of the present Astrononfer Royal, which has 
been in use since 1851. The telescope of this instrument has an aperture of eight 
inches, and a focal length of eleven feet and a half, a length of axis between the ex- 
tremities of the pivots of sixrfeet, the diameter of each pivot being six inches. The 
[ circle is six feet in diameter and of cast iron. 
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ADJUSTMEKTS OF THE CIKCLE, 


The axis of tho circle ia made horizontal by the aid of a plumb-line Buspeaded in 
front of the circle, and viewed by two microscopes — one near the top, tho other near the 
bottom of the circle ; or, as this instrument is supposed to be used in conjunction with a 
transit instrument, the axis may be made horizontal by adjusting screw, 

so as to make a zenith star pass the middle wire at the Jlustont the star is passing the 
middle wire of the transit instrument. 

Tho adjustments of the meridional position of the mural circle are made by the 
observations of certain stars in conjunction with the transit instrument. The reading 
microscopes should accurately describe 300*', or five revolutions between each graduated 
space on the limb of the circle. This con be approximated to by proper adjusting 
•crews, w'hioh regulate the distance of themicroMopefrooatheliBLb;. but, notwithstanding 
tho accuracy with which the adjustment" may bo made, it is found that unequal 
temperature will alter these numbers considerably. The error arising from this 
circumstance is called the correction for runs.” It it ffie practice in observatories 
to determine the amount of this quantity frequently— whickapplics to a microscope 
reading of 6 ’ — and to form corrections proportionai for other circle readings. The 
following is an example (Cambridge Observations, TB34) : — 


! 

» 

C 

B 

£ 

P 1 

Negative side .! 23 a 
Positive . . J 25 1 

18- 7 

19- 4 

19*2 

20-3 

24 7 
26-5 j 

19-0 

20*3 

27*8 ; Suniu of 
jExceascfe; 

+ 1-0 +0-7 

-hM-f 1-8 

+ 1-3 

— l'2j +5"’3 


The telescope is furnished with a system of vertical wires similar to the transit 
instrument, and a fixed horizontal wim placed at right angles to the others. This 
wire is generally adjusted so that an equatorial star will continuf’ hisoctod during its 
transit ^ but it is sometimee left with a small inclination which can he easily observed 
by comparison with the moveable horizontal wire. Several stars being bisected at the 
first and seventh vortical wires, the effect of inclination can be readily determined for 
tho whole by comparison with tlie micrometer of the moveable liorizunlal wire. To 
determine tho value of one revolution of this minomeier, any distinct teiTcstxial object 
may be bisected at one position of the micrometer, and the circle carefully “read off.*' 
Tho same mark is again to he bisected at another position of the micrometer, and the 
circle is again to bo “read off” AVlien the two circle readings have been properly j 
reduced, and the runs of the microscope having been applied, their difference will he 
a value of circle reading in minutes and seconds equal to a certain number of revolutions 
of the micrometer. This 0 T>crali()u being rejxjatcd at different micrometer readings, a 
current value of one revolution of tlie tek'seope micrometer can be obtained. The more 
distant and distinct the ton’cstrial object selected is the better. 

A very convenient traiv it circle has been erected for the Obsofvatoiy at Cambridge, 
Massachusetts, ofVhich the accompanying engraving is a representation. With this 
instrument one observer can, at the same time, determine the right ascension and 
declination of a'star with groat pi-ccision. The telescope T (Fig. 11)7), has an object- 
glass of four and one-eighth* in dies of an apeiturc, and of four fiset focal length. The 
longtli of the axes between the shoulders of the pivots is •aincty-six inches ; tho. pivots 
arc of steel, and two and a half inches in diameter and the same in length. The eye- 
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piece is provided with two xmcrooxoters, oae haying a vertical, and the Other a h»ri- 
zoiital movement. Besides 
the usual mode of illuminate 
ing the field through the axis, 
there are also facilities for* 
illuminating the circus in a 
dark held. The circles are 
four feet in diameter, and cast 
in one pieoe, and both oireles 
are graduated on silver &oni 
0“ to 360'", divided into, five 
minute spaces. There ore 
eight microgsetcr-reading’ 
microscopes attached to tho 
gi-anito piers, being four for 
each circle. Four of these 
are seen at A B C IK, the 
other four being on tho oppo- 
bite side of the pier. Those 
micrometers bisect diametri- 
cally botli piers. The arm E, 
attached to tho pier, supports 
; an additional microsi-ope, 
which serves as a pointer to 
indicate approximately the 
degrei's and minutes. For 
leveling the axis a striding 
level is employed, and this, 
combined with a method of 
reflecting from quicksilver at 
the nadir point, affords moanii 
1 of ascertaining the amount 
j of colliniation of tho middle 
' wire without reversal of the 
: pivots. Tlure is, however, eai ajiparutus for reversing the instrument when required, 
i The ohj«‘(’t-glass of this circle is b} Merz of Munich, the fitting by Simms of London. 

The mode of observation with llie mural circle is as follows : — The telescope having 
been set approximately to tlic eiilininating star, the observer bisects the object by tho 
, moveable horizontal wire as it pa ;5ses the meiidional vertical fibre. lie then “reads 
1 off*' tlie points and the six iiiierosco])cs, as \\l* 11 as the telescope micrometer, by a com- 
j hinafion of whieli a coqpluded circh' reading may he obtained. It may be necessary to 
j mention that the instrument is furnished with a claii.p and a slow Action screw, by 
whicli the horizontal -nn ire may he brought on the star, aftii thi* telescope has been 
appioximately dii. cted to it. If, Itj' inadvertence or other causes, the object is not 
I observed at the meridian wire, it will involve a “ con cetj on for cur vatiue," which 
I is thu^ investigated — , 

Forlhe purpose of recording the position of every star within range by means of 
electro-galvanism, the telescope is firmly egamped to remain in its position, while the 
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observer, sitting with his eye at the telescope, has but to press his finger upon a key 

at the instant a star is seen to pass the wires, 

• which for this purpose are divided into two 

systems. Those for right ascension are thirty- 
five in number,, divided into groups of five 
each, the intervals between the wires being 
from two or three seconds. The wires for 
difference of declination are also thirty-five, 
and arranged in similar groups. In order to 
prevent confusion between observations for 
right ascension and declination, the rule is to 
observe for riglit ascension on one set of wires 
first, and denote the magnitude of the star by 
telegraphic symbol ; and afterwards to observe 
for declination on the inclined wires. 

Fig. l{'8. When an object is observed by the mural 

« circle off the meridian, the north polar dis- 

tance found from the circle reading is the N. 1*. distance of a point of the meridian, 
which is intersected by a great circle passing through 

the place of the object at the time of observation. If p 

the object moved in a great circle, this w'ould be its 

north polar distance when on the meridian ; but as it ^ 

moves in a parallel to the equator, a correction is z" 

required, which, as it is evident, will be positive for / / 5 

stars north of the equator, and negative for those south 

of it. It is thus computed ; — , ' / 

Let P be the pole ; S the place of the object ; 5 = --.'S 

its north polar distance ; a = its distance from the meri- 199 

dian *, 8 — * = the observed N. P. D. ; then wc have 

cos 5 = cos a coa (5 — x) == (1 — 2 sin- A a) (cos 5 cos a? + sin 5 sin x) 

COB 8 (1 — 2 sin® ^a) (cos d X sin d X x sin 1") 

= coa 8 sin 8 X a? sin 1'' — 2 sin- ^ a cos 8 

— 2 sin 8 sin® i a X x sin 1 " 

If a be small, the last terra will vanish, and 
S. ' by making 

^ /v sin ^ a = J o sin 1", wo have 2 sin® i a = 

/ : Jtf®8in®l" 

/ \ ' 1 sin 8 X a; sin 1" = cos 8 X J a® sin® 1" 

' ^ i * X ^ ' 3 

j \ !/ -. a? = cot 8, — — a®. 

I The distance between the wires is sup- 

\ posed to be 20s. z= one interval; and if n be 

\ the number of intervals, a = n X 20 ; 

\y/ • a® =: n® X 400, consequently x = cot 8 

j<in 1'^ X 400 

Fi^?. ^x = tan declination X (ein 1" X 200) n® 
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In the case of a etar near the pole, the following is the inyestigation for cttryature 
of path (Fig. 200) : — 

Let Z B' zz Z nz the observed zenith distance ; Z S — xzz zenith distance on 
meridian; ZV Bzz: p* the* difference between the star's E. A. and the sidereal time 
of observation ; d = stars d^lination ; L = the latitude of the place of observation. 
Then in the triangle Z S' F, we have 

cos s =: sin L sin a + cos L cos d cos p 

pVi 

zz sin L sin d + cos L cos d (1 — 

But cos Z — z = sin L sin d + cos L cos d ; or, since z is small, 
cos Z -i- sin Z X x z= sin L sin d 4* eos L cos d 

Therefore z sin Z = cos L cos d X 

2 

sin Z X z sin 1" = cos L cos d X sin* 1" 

„ cos L cos d , , , , ^ 

z" = — ^2 X number whose log = 6*73673. 

sin Z o T 

or Log z" = log cos L + log cos d — log sin Z + 6*73673 + 2 IpgJ) 

=z Log cos L + log cos d + ar. co. log sin Z 6*73673 -f 2 log 

For the purpose of obtaining a zero point of the mural circle, we make use of two * 
different methods, of which the first consists in the observations of stars by reflection 
from a surface of mercury. The mode of operating is as follows : Point the telescope to 
any known star when it crosses the meridian, and record the reading of the circle ; on 
the next night observe the same star as it crosses the meridian, by pointing the telescope 
upon the image of the star reflected from the surface of the mercury. As the surface 
of a fluid at rest must be horizontal, and as the angle of reflection is equal to the angle 
of incidence, this imago will be just as much depressed below the horizon as the star 
itself is above it. The arc intercepted on the limb of the circle between the star and 
its reflected image is the double altitude of the star, and its middle point is the hori- 
zontal point of the circle, allowing for the difference of refraction at the moment of 
observation. It is evident that the image of a star seen by reflection will be as much 
depressed below the horizon, as the object is really above it ; and by combining the two 
readings of the circle for the same star observed by reflection and direct vision, the hori- 
zontal point of the instrument may he readily determined. This method of obtaining 
a reflection and direct observation of a star at the same transit is daily practised 
at our principal observatories. 

The second method is by the use of a Bobnenberger's eye piece previously explained. 
By causing the tw'o images of the wire of the declination micrometer to coincide, and 
noting its readings, the nadir^ and consequently the zenithy points of the circle may be 
determined by directing the telescope vertically downward upon a basin of mercury, 
the reflected image of the horizontal •wire made to coincide witfl its direct image. 
The telescope is directed towards the nadir, which is distant fiO” from the horizontal 
point, or 180'’ from the zenith point. As this observation can be made at any time, 
independently of the w'eather, it is a most valuable metliod, and in many observatories 
is the one exclusively em|floyed. The horizontal point determined by direct and 
reflected observations should differ exactly 90“ from the zenith point as determined by 



the oonimatiBg eye-jiece. This ey«<^pieae, fix»t snggeeted by Bohnenborger, toBfidsts 

of an ordinary eye-piece with an 
> H '■ aperture A (Fig. 2(>1), out in its 

- IJj side, and a plane perforated spc- 

A m culi^m B B inserted between the 

r SA two lenses at an angle of 45® 

/ ® j M| with the optical axis having a 

liffl lamp held so as to throw a strong 
light on the speculum. The rc- 

, '1 ! '/n ^ ^ fleeted images of the wires may 

S be seen with great distinctness. 

Instead of a perforated opaque 
j ' speculum, a piece of plane glass 

„ , with parallel faces, and vuthout 

I’ Iff. 2el. * 

any perforation, is sometimes 

used. The observer looks through the plane glass without difiieuUy, while sulfieient 

light is reflected from the lower surface to render the lines visible. If the axis 

of the telescope he not horizontal, half tho distance between the middle wire and 

its imago, corrected for error of level, will give the error of collimation of the 

middle wire. 

The tables of refraction made use of at the Boyal Observatory, Greenwich, arc those 
of Bcscel, modified and expanded from tho Tabula? Bogiomontanai. Anumciieal 
example of their application is given further on. 


Exam^ of a zenith pvini -determination fiom the Greemiich Observatory ^ IRIO;— 


Day. 

1849. 

Kame of 
StAl. 1 

ConclucWd Glide 
Heading. 
(Keflection.) 

Concluded Ciicle 
Heading. 

( Direct. ) 

1 H 4- D ; 

36; ’ .r 


1 

1 

North Panil. | 

i i 

Aprn 6 i 

B,A.C. '3528 

805 23 2 49 

61 42 38 68 

' 41 -IT i 


B.A.C. -3593 

295 33 260 

68 32 33 53 

39 13 1 


8 Ursae Majoris 

279 56 24 11 

87 9 17 96 

42 07 ! 





3) 122 37 i 





40 79 



South Paral. 


April 3 

Pollux 

250 27 3007 i 

116 37 59 10 

8817 

3 

26 Lyncis 

270 1 1500 

97 4 24 2.9 

39 95 

5 

Eegulus 

234 46 67 72 

132 18 41 o2 

39 24 

5 

9 Cancer in Va 

263 46 4108 * 

103 19 0-48 

1 41 56 





' . 4) 158-92 


t. 


• 

1 3973 


GO " 40 ' 


183’ 32" 

Horizontal Point z= Mean 60"*14 
or Zenith Point = 03’ 32' -50" 14 


Tho adopted Zenith Point is 93’ 32' 49" *89 


KEYOLUTIONS OF MICEOMETER-MICROSCOFE. 
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Hid {aaanexed printed forni •vill show fully the method of reducing obiervatioxus of 
zenith distance. It is airauged for the reduction of the zenith distance observations 
with the transit circle, which differs from the above specimens principally in the 
valuation of tho micrometer-microsoopes. The manner in which the revolutions and 
parts of revolutions of the ipicroscopc-niicromctcr arc converted into arc are explained 
as follows in the Greenwich Observations, 1852, page iv. — 

“ I must premise that, as one revolution of each microscopc-mioromotor does not 
differ extravagantly from 1' on the limb of the circle, wc may consider each revolution 
as a nominal minute. Next, supposing the number of integral revolutions, as shown by 
each microscope to be tho same for all, wo ought, in order to obtain the mean of the 
fractions of a revolution, to add together the subdivisions as shown by the different 
micrometer-heads, and divide the sum by 6. Thirdly^ as the subdivisions are in the 
decimal scale, we shouid then multiply this mean by 60 to reduoo it to seconds. It 


Ztniih Toiut of Transit Circle for 1849 


Day ond 
Hour. 

Object. j 

Circle Rending. 
lUrcct. 

Cirdo 

Reflection. ;^.^lcan. 

i 

Half of 
Moan 

vSum. 

Adoption of 
Zeniib Vuiitt. 

1 


North Paral. 

0 , M J 0 , „ 

1 

1 



Oct, 14 8 a Coplul 

16 0 Tl.A.C. 7851 

17 8 a Cephii 
17 B B Cephii 


Oct. 12 23' 
13 8i 

13 22; 

14 8 

14 22) 

15 6! 

15 22 

16 6| 
16 22' 

17 6, 
17 221 

18 7 


Wire R. 


Oct. 16 81 
17 12! 


t Pegasi ‘ 
a Triauguli 


349 22 15 lO' 190 20 113.5 
325 58 47419 213 43 40 48 
349 22 12 87! 190 20 11-86 
341 25 18 15, 198 17 8 48 


Nadir. 

I 179 51 1408 
1 14-51 

I 14 09 

i 14 12 

; 13 J8 

13 72 

, 14 70 

14 .56 

' 14 32 

I 13 43 

j 13 76 

I ^14 45 

i ’^12) 48 92 
I 179 hr 14 08 

South Paral. 

52 07, 153 0 38 51 
1715! 167 14 15 10 


or -L P correction 
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RUNS OF THE MICROMETERS, 


is evident thus that the number of nominal seconds to be attached to the nominal minute 
will be found by simply adding together the Bubdivisions on the micrometer-heads, and 
shifting the decimal point. ■" * 

“ The following were found by trial to be the rms of th^ six microscopes : — 

of revolutions CORRESPONDINO to S' FOR MICROSCOPES. 


Means . . 

A 

B 

C 

D 

£ 

F 

r 

4-912 

r 

4-882 

r 

4-882 

r 

4-879 

r 

4-886 

r 

4-878 


** The results given above show that the screws of the micrometers are so sensibly 
equal that, in the reduction of the observations, it is sufficient to take the mean of the 
six readings, and to apply to it the mean correction for runs. To do this, the following 
process is employed ; — The sum of the runs for the six microscopes above given is 
29^*320. Now, if the correction by which each revolution of a micrometer may be 

converted into a minute of arc were exactly ~ part of the reading, then the sum of 


Example of tin deduction of an Oheervation with the Mural Circle. 


Mic. 

1848. Dec. 21 

Uranus. 

O 9 99 

118 0 


A 

3 37-7 


B 

44-8 


C 

65-8 


D 

39-9 


E 

42 3 


F 

27-9 


Correction for Runs — 9" 3 

258 1 
— 0*2 


for an arc of 3' 

6)258-2 


Adopted Zenith Point 

118 3 43-03 

Concluded Circle Readin t. 

73 12 62-03 


Apparent Zenith Di'.t.inee 

44 50 51-00 


Add Refraction 

1 0-73 



44 51 61-73 


Subtract ParaJJax 

0-31 


Add Colatitude ... ’ ... 

44 51 61 42 
38 31 21 80 



Geo. N. P. D. of Centre ... 


83 23 13 22 



TABLES OF SEVENTH DISTANCE. 
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BOTAL OB8EAVATOBT, GREENWICH. 

Obacryationa of Zenith Distance with the Transit Circle in the Year 1851, and C otapu- 
tationa of Geocentric North Polar Distance. 


Approximate Solar Time. 

m 

Oct. 24. 

24. 



24. 

Name of Object. 

Wire (Nadir 
obs). 

Eridani. 



Pallas. 

Mode of Obsenration. 

R. 


ISIBjlB 



No. of Vertical Wire at 
which observation is 
made 

4. 

4. 

4. 

4. 

4. 


o f 

61 0 

4-196 
4-137 
247 4-222 

3- 940 
8-973 

4- 252 

o f 

74 30 

•44S 

85 -539 

•234 
• -270 
‘675 

Observer. 

H. B. 


Pointer 

Micrometer reading of Mi- 
croscope A 
fi 

C 

D 

£ 

F 

Uncorrected Mean of Mi- 
croscopes. 

First part of Correction foi 
Runs 

Second Pait, -f- (K''881 for 
100" .. . 

Micrometer reading, and 
equivalents . 

Correction for flexure and 
errors of division 

Circle reading at obser- 
vation 

\dd zenith point correction 
Apjiarent zenith distance 
south 

Add refraction { from below) 
True zenith distance south 
.Subtract parallax (from op- 
posite page) 

Geocentric Distance from 
astronomical zenith 

Add colatitude 

Observed north polar dis- 
tance 

Star's correction with sign 
changed . . , 

Mean N.P.D. Jan. 1, for 
stars 

^ .nn. /Barometer and B 
4',n (Table 1.) 

dix Thermometer and 

So itoj T. (Table II.) 
“r”- 1 l- (Table id ) 
Ob»ei - Proportional ( 

rutionn. ])arts . | 

18.iC. V t (Table TV.) 

Hum or log. Refraction in 
seconds . 

Refraction . 

O t 

179 40 

r. 

0-652 

•637 

87 *712 

•414 
•497 
•775 

O f 

60 25 

6-i02 

5-046 
302 5-154 

4-82.3 
4-872 
5 168 

o ^ 

42 35 

2*410 
2-385 
141 2-443 

2-146 
2-221 
2-498 

179 40 36-87 

60 801-65 

42 87 21*03 

61 4 7-20 

74 31 25-25 

0-74 

•14 

21-428110 22-15 
12-44 
•24 

0-86 

604 

• 1-15 

i0-923l9 52-52 
27-26 
•09 

1-J9 

60 40 30-20 

8 46-25 

2*82 

•53 

22-84611051*77 

27*88 

•15 

1*94 

4-94 

•94 

23-42511121-40 

12-44 

•15 

1-52 

1*70 

•3^ 

24-7301 11 51-02 
21-63 

2-03 

179 51 13-44 
8 4C-25 

42 48 43*12 

8 46*25 

61 15 46-59 
8 46-25 

74 43 41-95 

8 46-25 

60 49 16-45 

1 45-87 
60 51 1-62 

42 57 29-37 
54*94 
42 58 24-31 

61 15 48-59 

1 47-96 
61 24 34-84 

74 57 28 20 

3 36-54 

75 1 4-74 

38 31 21-80 

38 31 21-80 

38 31 2 l-8f 

4-97 

75 0 59-77 

1 38 31 21-57 

99 22 23 62 

81 9 46-11 

99 57 44-60 

113 32 21-57 

11*79 

9*95 

11*38 

•03706 

47^-8 -04319 

2-26086 
•341 
•23 
•80 

2-83555 

99 22 35-41 

81 29 56*06 

99 57 55 98 

in. 

30 30 -03720 

48^-5 ’0t2:>7 

1 91005 

•264 

•7 

•20 

2 02273 

in. 

0- 3720 

-04257 

1- 65823 

•178 

•12 

1 *73990 

tn. 

30 29 1 -OSTOO 

480-3 11-0427.5 
ll-9.;18f; 
• -119 

•D 

* -21 

2-03325 

105" -37 

.?4"*94 

107 "-96 

216" 

Interior Thermometer. 

• 

53-0 



52^-0 
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PARALLAX. 


the runs would he 1- 30*000, or '29*411’8. It is n»t likely that the sum of the 

ui r 

runs will, in ordinary cases, amount to tHs quantity ; and the Tcniable correction, after 
adding ~ [part to the mean of the readings of the microscopes, will therefore always 

OU T 

be additive. To determine this quantity, let the sum of the runs be 29*412 — 
Then the true reading, in seconds of space, corresponding to a nominal reading of r" 
(including the value in seconds of the nominal minutes), will be 

30 000 

^ 29TI2 — X. 

Or, *•" 1 1 4- 0 0346S X a; | 


Ilenoe the correction, after adding 


1 

50 


part of the moan of readings, will be + r a; X 


O'' *03468. For the purpose of calculating this quantity easily, by the ordinary pro* 
portioned scale, it is coiiTonient, in the first place, to compute its value, v here r = 100". 
This value, which is evidently -f- 3" -468 X ir, is tabulated for different values of x. 
Let X be the number taken from this table ; then, for any actual reading r, the correc- 


r X 

tion will be — q ; a quantity which cam easily be taken from the ordinary sliding-rule 


FarallaR. — The change which talces place in the position of a heavenly body on 
account of its having been observed from a point which is not the centre of motion, is 
called its parallax. All the heavenly bodies appear to move in the concave surface of a 
sphere conceaitric with the earth ; hence the centre of the earth is considered to be the 
centre of motion. Wo shall now inquire into the change which would take place in the 
position of a body which has been observed at the surface of the earth, and its position 
as seen from the centre. Or, in other words, to find the correction which should bo 
applied to an observation made at the earth’s 
surface to reduce it to what it would bo if made 
at the centre. Let C (Fig. 202) be the centre of the 
earth, 0 the place of obeen^ation on its surface, Z 
the geocentric zenith, S the object observed, then 
Z 0 S is the observed zenith distance, Z C S the 
zenith distance as seen, from the centre, whicL is 
called the true zenith distance, because astronomers 
reduee all their observations to this point. The 
difference of these angles is the parallax; it is, 
therefore, the angle subtended by the earth’s semi- 
diameter at the object observed. 

Put Z C S the true zenith distance = Z. 

Z 0 S the apparent zenith distance = Z'. 

C 0 the earth’s semi-diameter = r. 

0 S the distaqpe of the object from the earth’s centre — D. 

The parallax 0 S C = i?. 

Then Z, + = Z', or Z = Z’ — jj. 

This shows that the observed zenith distance is greater than the true zenith distance 
by the quantity jp. Hence the true zenith distance is found by subtracting the parallax 
from the observed zenith distance. 




IWTLTJEKCE OF PARALLAX. 


m 


It is evident tl^t exerts its iti^uenee in A ycrtiotd plane passing thxxKigh 

the object j consequently it has no effect on the right ascension of an object when 
observed on the meridian ; but if the observation be madr' on either side of the meridian, 
the right ascension will be affected by it, as it raises the ob ject to an hour circle nearer to 
the meridian. Hence, if the dbject lay east of the meridian, the apparent right asoensioa 
is diminished, but, if west, it is increased by parallax. Befractiori has a contrary effect. 

Now wo have sin » = ^ sin Z" = sin (Z + «) . . . (1) 

sin ^ r ^ 1} D ^ w 

The equation sin sin Z', gives ji? = o when Z' = o, and sin ^ ^ when 

Z' = 90"^. As this is the greatest value of Z', is the greatest value of sin p. 

Tlicicforo, in the geocentric zenith the parallax is nothing, whereas in the horizon 
it is the greatest possible. Put jj = sin ir, then sin p sin v sin Z\ This equation 
may be put under the form 

The hcu'izontal parallax tt, or rather the horizontal equatorial parallax (for ihe^ 
moon), given in the “Nautical Almaqac,” is the angle subtended by the earth’s equato- 
rial semi-diameter. 

Let r' be the semi-diameter of the place of observation, then r' sin t will be the 
sine of the horizontal parallax at that place, and*we shall have 

This is the formula given in the Introduction to the Greenwich Observations for com- 
puting the moon's parallax when observed on the meridian. 

The equation sin'' jo = / sin w sin Z may be written 

p" sin V" = r' w” sin 1" sin Z' 

Or, = r' tt" sin Z' , . . . (4) 

Tins will b(' sufficiently exact for the planets. In the case of ttie inoen, n correction 
will be neces: ary, which is found thus — 

siri® 1'^ 

sin j?" = p" sin 1" — nearly j hence 


p^ Bin 1" — -- — = 4 ir' Bin 1” g \ Bin Z 

but sin = tt"*'' sin^ 1" sin^ Z', by neglecting powers higher than the third ; hence, by 
substitution, * 

IT "3 sin® 1" * 

p* sin 1" = ir" sin 1" sin 7! (sin Z' — sin^ TT) 


= tt" sin 1" sin Z' — r %in Z' cos^ H 

6 

Cosgoqoenily Hie corroction is — — g- — sin Z' c«s’*-Z' 


(5) 




444 


THE moon’s FAEALLAx ON THE MEBIDIAN. 


This correction is applied in the Greenwich Lunar Heductiona from 1750 to 1830. 
Again, since sin ^ for any other distance D’,,we shall have sin w' = ^ ; there- 

fore,rin»:«n»'^:^,or:J=^.l 

If D' be expressed in parts of D taken as unit, we have ir' == therefore, if ir be the 

sun's horizontal parallax at the mean distance from the earth, and D' the distance of 
any planet from the centre of the earth, expressed in terms of the sun's mean distance, 

the planefs horizontal parallax will be represented by t and for a planet we shall 
have ^ ’ 

p = v X ^ Bin Z* .... (6) 

It is by this method the parallax of the planets has been computed in the Greenwich 
Planetary Keductions from 1750 to 1830. 

Equation (1) gives the means of finding the parallax when the true zenith distance 
is given, thus 

sin^ =z sin IT sin (Z -f = sin w (sin Z cos + cos Z sin p) 
tan ^ == sin T sin Z + tan p cos Z sin ir 


tan z= 


sin ir sin Z 
— sin IT cos Z 


And by the usual method of development, 

sin IT sin Z tt 

^ Bin 1" 2 biJj 


2 7 sln^TT sin 3 Z . 


We have seen that sin ir = ^ ; hence, if D be very great, ir will be very small, and, 

therefore, bodies at an extremely great distance, compared with the radius of the earth, 
have no sensible parallax. 

Before proceeding any further, it may be well to remark that the value of sin/? 
depends on lines drawn from the centre of the earth, or from what is called the 
geocentric zenith, which differs frnin the astronomical zenith for this reason. — All 
astronomical instruments used for determining the north polar distance of an object 
depend on a zenith point, or something equivalent to one, and this is nothing more 
than the instrumental reading corresponding to a vertical position of the telescope, and 
is determined by pbserving tht* same star by direct vision and by reflection. The 
zenith point is therefore the reading for a point perpendicular to the horizon, or, which 
is the same, a line drawn from the jjoint thus determined in the heavens to the place of 
observation, is a normal to the curve by which the earth is generated, supposing it to 
be a surface of revolution. The earth is supposed to be a surface of revolution, generated 
by an ellipse revolving round its shorter axis ; the ratio o'f the axis being 300 .* 299. 
Now, it is well known that normals to an ellipse do not pass through its centre, hence 
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the lines drawn from the centre of the earth to the place of observation, which deter- 

mines the geoccntr\p zenith, will make a 
small angle with the normal to the earth’s 
surface at the same place, which determines 
the astronomical zenith, and this angle is 
called the angle of the vertical. The geo- 
centric zenith is nearer to the equator than 
the astronomical zenith by the value of this 
angle, and as all the bodies (some comets 
excepted) for which we have to compute 
parallax lie to the south of the zenith, the 
angle of tho vertical is subtracted from the 
astronomical zenith distance, in order to 
have the geocentric zenith distance. This 
angle is easily determined, for it is tho 
difference between tho astronomical and 
geocentric latitude of the place of obser- 
vation, and is thus found: — Let P (PigrtOS) 
be the pole of the earth, E a point of tho equator, 0 the place of observation, Z' the geo- 
centric zenith, Z the astronomical zenith, then Z' C E is the geocentric latitude r= 
L y, and Z G- E is the astronomical latitude = L a, and Z' 0 Z == C 0 G is the angle of 
i the vortical. Lot a and d be the axis of the ellipse, the equation of the normal Z G is • 



Fip. 203, 


therefore, 


!/ — ^ ^ ^ > 

tan L rt = tauL^, or tan L ^ La, . 

• 1 


. ( 0 ); 


hence, L ^ becomes known. For an ellipticity astronomical latitude of 

Greenwich, viz., 61° 28' 39'', we find the geocentric latitude, 6r 17' 29", and con- 
sequently the angle of the vertical = IT 12". 

The value of r', by which the moon’s horizontal parallax must be multiplied to have 
the horizontal parallax at the place of observation, is thus computed: C 0 = r', 0 CE 
:= L y ; tbeu by the property of the ellipse 6- -J- a- y- = a* 6-, we easily find 

^ — 

sin'^ L y + 6- cos* L y 

/ 

d- — (fl* — 6') cos- L y ' 

\ 

’ ~ r=iBecfl \ I 

1 — COS* L y \ I > 


where sin* e 





a* 


cos* L y. 


Fig. 204, 


•In the following sectioft we shall give an investigation of parallax for tru foregoing 
reductions, as well as its effects for ocoultalions, &c. 
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DEFECnVE ILLUJkLINAriQN IN NOljLlH POLAA DISTANCE. 


The reductions from the apparent to 



S B S = SMS'=oM« = ai!coM. 
is not Ulaminated, and its versed sin is the j 
, Moon's semi-diameter X versed sine S S' 


e mean places are performed in a manner 
similar to that previously explained for 
right ascension. 

The other corrections for circle ob- 
servations, viz., defective illumination 
of Moon aitd Venus, &c., are so fully 
explained in the Introduction to the 
Greenwich Observations, that a short 
investigation will only be necessary. 

* Confection fox Befective Xllu- 
minatlon.— The following is the inves- 
tigation of the correction for the defective 
illumination of the moon in right ascen- 
sion : — 

Lets (Fig. 205) be the place of the sun, 
M that of the moon ; if the sun were at S' 
both limbs of the moon would be full 
12h. apparent time of moon’s transit 
= B P Q = arc B Q, but B Q x cos 
This is the arc on the moon’s disc, which 
art of the surface not enlightened. 

=: correction. 


Defective Illumination in N, F, i>. — Moon gibbous. 

Let E Q he the equator, P the pole, E M = EOM = S'OB = D = tlie moan’s 
declination. If the sun were at S' both limbs of Iho moon would he enlightened. 
E P S = sun’s hour angle = the difference between the times of passage of tlio sun and 
moon without regard to sign. Then 
in 0 B = cot B O S' X tan B S'. 

.*, tan B S = sin 0 B tan D = sun 
(EPS— 90^) mnD = 

— cos sun’s hour angle X tan moon’s 
apparent declination. 

B S'is called the new declinalion 
New declination — sun’s declination 
= angle requir(;d. When this angle 
is positive, the north limb is full. 

From S' let fall the pcrpendieulai 
arc S A, then cos B 0 S' = cos Tl S' 


sin B S' 0 .* 


• C' A ^ 

sm B S 0 = — 


cos B S' 

sin S A = sin S S' sin A S' S = .«’n S S' 
cos B 0 s' 


sin A S' S = 


sm 


S' 


^ cos B S' 



= sin S S' cos BOS' sec B S'. S A is called the new angle, therefore sine now angle = 
cos app. decLx sec. new dccl. X sine angle'requircd. 

The new angle, or S A, is tahen for the measure of S*M}A orjp M the angle 
of defective illumination. 
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JDefective JHutmmtion m iV. P. D.^Moon komsi. 

Kean time of passage 3h. to 6b. 

Let S (Fig. 207} be the sun, M the moon on the meridian, a a perpendiciilarto'S M. 
Join M 0, D s=^ £ K =s thd moon’s apparent declination, d = the snn^s apparent deeMnSr 
tion. The angle KPS =:T«=: the difference between the moan times of passage of the 
sun and moon the angle S M 0 is the sngle of defective illumination' =00" — P M S. 

iBitPM S = — n — K a, 

COS 1> tan d — sin D cos T 

a nr n ^ 'ir a cos I) tan (f sin D' cos T 


tanSKO = ootPMS=:* 




The Zenith Telescope — The instni- ^ U 

ment employed in measuring the differ- 
once of the zenith-distance and hour, called 

the zenith telescope, may bo described here, ^S\ llB 

although it is scarcely ^the proper place for 1 ||m 

it. A A (Fig. 208) are the screws 'Nvhich ^ P 

support the cntire]iu3triimcnl, and by which 
the column carrying the telescope-screw is 

rendered truly vertical ; C C is the horizon- ^ h 

tal circle twelve inch es in diameter, graduated ^**^^5* 

to 10', and reading Jo 10", by means of its 

vernier and microscope V. B is the tun- Fig.:208. 

gent-screw for slow motion. 

This circle serves to mark tho position of the meridian when it has once been deter- 
mined. It likewise enables the observer to turn tho telescope promptly through 180^ 
of azimuth. D is the ver^cal column which supports the telescope, and about which 
the tdlescopc turns in azimuth. £ is a horiz-mtal axis, to one end of which is attached 
the telescope T T, which is counterpoise^ by the weight, W, at the other end ; this axis 
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is hollow, and through it passes the light of the lamp, H, to illumine the wires of the 
telescope. The telescope has a focal length of about forty inches, and an aperture of 
three inches. L is the level bf means of which the column B is rendered truly 
rertioal, riding on the horizontal axis. M is a graduated semicircle attached to 
tho telescope, and having a vernier, A, with a microscope. This semicircle serves as 
a finder for setting the telescope to the altitude of the stars to be observed. * S S is 
a very delicate level attached to the semicircle. P is the parallel wire micrometer 
for measuring small differences of altitude ; and R is the diagonal cye-picce, so con- 
structed tliat the micrometer may not interfere with the field of observation. 

The stars selected for observation by this instrument should be within a convenient 
range of tbe micrometer — say 10' — one culminating to the north and the other pOuth 
of the zenith. Having levelled the instrument, set the tolcscopo to an altitude midway 
between the two stars, and bring the bubble of the level S to the middle of its scale. 

Bring the telescope into the plane of the meridian by setting the vorn’er of the hori- 
zontal circle to the point previously determined. 

As the first star enters the field of view follow its imago with one of the horizontal 
wires, and bisect it at the instant it crosses the middle wire. Record the position of 
the level S, noting the divisions corresponding to each extremity of the bubble. Turn 
the tolcscopo 180° in azimuth, taking care to preserve the same inclination to the hori- 
zon, and make a similar observation on the second star, bisecting it with the horizontal 
wire. A comparison of the readings of the two micrometers will give the zenith dis- 
tance of the two stars after correction by readings of the level, and also for the diffei- 
ence of refraction of the two stars. 


METEOllOLOGY, 


Befinition and Xiimitatioiis. — The term Meteorology, from fitrtiapos elevated, 
was applied hy Aristotle to signify phenomena occurring in elevated regions. It 
may be considered synonymous with the study of atmospheric phenomena, though all 
which conucrns meteors proper is very ncaily allied with astronomy. 

In many respects Aristotle’s opinions on meteorologic subjects display the usual 
acumen^ of that deep thinker; his remaiks on the subject of dew are particularly 
interesting. Deprived, however, of the barometer and thennonieter— ‘deprived of 
optical instruments — the natiiie of electricity yet unjiicveloped, and the composition and 
functions of the atmosphere unknown, ancient specaUations on meteorologic subjects 
wcic* necessarily unstltiafnctory and vague. 

The meteorological writings of Theophrastus, Awftotlc’s pupil, *werG more diffuse 
than those of that great philosopher, and were long rceognized^as constituting a teset- 
hook. They constituted the groundwork of the or prognostics of Aratus, 

and were embodied in a versified rendering by Cicero in*his youthful days. Portions 
of these attempts at versificlftiiin are still in existence, and do hut little credit to the 
great Roman orator in a poetical capacity. 


METEOROLOG''.— No. I. 



460 


CHEMICAL CONSTITUTION OF THE ATMOSPHERE. 


Metearologf, in its sQost common mi reacted sense, may be con^dered wymny^ 
mens with hmmledge of ih€ weather. It IhtoIvcb a full aiefuamtance witlx 

the nature and composition of the atmosphere ; with the laws of gaseous azxd vapourous 
elasticity; with the eonditiona determining the jproduction of fogs, dew, snow, and 
hall ; iilso with the laifs of atmospheric, optical, and eleotneal phenomena. It is the 
proTUiQe of meteoarology also to study the phenon^na of aerolites, and the ablations 
I whidt fuhdat between atmospheric conditions and the development of organic 
' specief. 

The above Js a general outline of the scope and limits of meteorology. Its sue- 
eesafol study will be seen to involve a pro-acquaintance with many sciences, more 
espeoially those of chemistry and electricity. There does not, indeed, exist any science 
having timita so undefined as meteorology. From a consideration of the theory of shoot- 
ing stars to a contemplation of the mutual alliance subsisting between certain forms of 
dmease and atmospheric conditinns, or the relation between certain animal and vege- 
talde tribes and given atmosplioiic conditions, the divergency is wide. Nevertheless, 
41 these branches of study arc intimately allied with meteorology ; and perhaps the 
I most delightful part of botanical science is that which seeks to establish connections 
betr'een the localization of certain vegetable families in districts ebaraoterized by 
some peculiarity of meteorologic condition. Hortienltnrists have been too ready to 
overlook the influence of remote atmosphciic conditions on certain v^etahlc funilies. 
Too freqitendy it has been considered that a vegetable surrounded by an atoosphere of 
( tc asp er at ura tImilaT to that of its native region, and planted in a asH of similar . 
chemictl eompmotum, must necessarily thrive. There are, neverthelesa, meteOric con- | 
ditions beyond these. Why is it that many spedes of the palm tribe refuse to gioa^ ' 
very far away from their native regions, alflunigh tavnaplanted to localities seemingly | 
identical in all respects ^ Why is it that the cocoa-palm refttsps to gn>w ?« regionK | 
very far distant from the sea ? These questions involve metCMnc'Iopic ( ontideratioius of 
great interest ; ond not loss inteicsting to a nicteorologisi is the p'i7tifdity cvinct d to a ! 
restricted legion hy the cinchona tribe. An atmosphere vciy much rarefied and per- j 
petually moist are so essential to their existence, tliat they cannot live without it. j 

The natural approach to meteorology is the study of the alraosph(To, vhieh admits ! 
of being contemplated under many aspects. It inav be contemplated either an the | 
atmosphere proper or theorctii’al, composed of two gases, ox} gen and nitrogen ; or as ' 
the practical atmosphere or mixture of the gaseous Iheoietical atmosphere with | 
numerous vapours, extrar.(;ous gases, and fleeUug undeti'vmined miasmata. The atiuo- j 
sphere, too, admits of being regarded stalicaliy, i.e. at rest, aud dynamically, i.e. in j 
motion, tho latter involving a study of llie causes of winds. The atn osphcrc, lastly, j 
may he considered in relation to Uio imponderable agents, to heat, light, electricity, ! 
and magnetism. I shall begin by investigating the nature of our atmosphere regarded ‘ 
chemically. 

CbemicRl Constitiitioii of the Atmoapheze,— By the ancients air was con- 
sidered to be an elementary substance. Chemistry at length demonstrated it to conhist 
of two gasea, oxygfti and nitrogen combined, or rather mixed in the proportions of about 
eighty parts, by measure, of nitrogen, and twenty of oxygen ; or, in other words, one 
volume of oxygen to four of nitrogen. 

Considerable diflference ^ opinion once existed on the question, whether the 
atmosphere he a chemical or a mechanical compound. adduce evidence bearing on 
this discussion, would he foreign to the subject of meteorology. The generally received 


OSSEOUS DIFFmON« 


opiiiian if in &Tour of tbo mechant^l eonititutioBi of l^e atznospbece. Tbo law of 
dif^fion of gasoi peifectly accountafov'^o intimate mixture with oxj^^ and ttHrogen 
in the atmoephere, withomt havittg recourse to the assumption of chemical union. An 
outline of the law in question it u^ he proper to give. 

Gaseous Diffusion . — If two glass yesscls betaken, as represented in the accompanying 
diagram (f'ig. I), the uppe/one being filled with hydrogen gas, the lower one with 
oxygen gas, placed in communication with each other by * 

a capillary tube passing through the cork stopper of 4 \ 

bothf and allowed to remain at rest for about half an If T ) 

hour, perfect mixture of the oxygen and hydrogen gases Jj \. 

will have ensued. Inasmuch as no chemical union takes ‘ M \la/ 

place between tho two gases thus circumstanced, and || 

inasmuch as hydrof^tm gas filling the upper vessel is a / j V 

about sixteen times heavier than oxygen gas filling the H m \ 

lower vessel, some new cause of admixture has to bo Jl iF 1 

sought ; it depends upon tho mutual tendency of the two ^ 

gases to become diffused through each other. . ffl 

The above is an individual case exemplifying a y<SL ^ 

general principle; any two gases might have been so- 
Iccted and mutual diffusion would have ensued. Oxygen 
and hydrogen gases have been here chosen because of the * 

facility wherewith the circumstance of these having b<^come diffused may be deter-* i 
mined. It is well known that neithfcr oxygon nor hydrogen gas, taken separately, will | 
explode on the application of flame, whereas a mixture of the two readily explodes ; 
hence the propriety of selecting these two gases for illustration of tlie principle in 
q^uestion will be obvious. 

Faraday appears to have been the first to direct attention to the mutual diffusibilily 
of gases. lie noticed that bottles filled with gases, and corked or stoppered, or vessels 
filled with gases and inverted over mercury, in either case occluded to all appearance 
accurately, nevertheless almost always permitted mutual admixture of the air without 
and the gas within. Ddbereiner, Mitchell, and Graham, more especially the latter, 
have since investigated this class of phenomena more narrowly, and Graham has sue- 
ct'eded in determining the law^ which regulates this diffusion. He finds that the relative 
diffusiveness of any two gases is expressed by the recifirocal-s of the square root of their 
densities, f bus, the density of air being one, its diffusiveness is (me also. The density 

of hydrogen being 0*693, its diffusiveness is -r- " -' =: ■ zr: 4*56 ; the density of 


® ’ V 0*063 

ammonia being 0-5898, its diffusiveness is V/ —rr -. — 

O'eiiJyS 


:1*30; and generally 


representing the density of a gas by ff, its diffusiveness is = j/ Applying thm rule 

to practice, it appeaw that, supposing hydrogen and ammonia placed under cirouBi- 
stances promoting their mutual diffusion, 456 volumes of hydrogen Vill become mingled 
with 1*30 of ammonia. • 

It will be remarked that tho atmosphere has hitherto been treated of, in a theoretical 
sense, as a mere mixture of nitrogen and oxygen gases. Practically, however, the 
atmosphere is far more comjAex. It invariably contains portions of carbonic add (tbout 
one part in a thousand), also extraneous gases, besides aqueous and other vapours. A 
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mixture of fill these thi&gs may be termed, difitmctiTely, the eotual or prwtical 
atmosphere. They will hereafter come under our notice Bmatim ; but even a theoretical 
mixture of oxygen and nitrogen gases is subject to remarkable yariations of property, 
its chemical composition remaining unchanged ; portions of^its oxygen are subject to be 
converted into ozone. 

The change of common oxygen into ozone, furnishes an illustration of one of the 
most remarkable discoveries of modem science. It displays what is, perhaps, the most 
extraordinary example of the condition of allotropism^ or the existence of one body under 
two different aspects ; it promises to render evident some of these occult atmospheric 
causes which determine the progress of epidemics, and promote the existence of endemic 
diseases. 

A summary of our knowledge relative to ozone may be briefly stated as follows : — Oxy- 
gen gas is susceptible of undergoing a change, the nature of which is altogether veiled in 
mystery. It is susceptible of becoming odorous, corrosive, and irritating when breathed ; 
its chemical action is susceptible of being exalted and modifled, so that whilst ordinary 
oxygon gas neither bleaches nor corrodes silver, nor decomposes iodide of potassium, 
the allotropic, or second form of oxygen gas, will accomplish all these results, and 
mafly more too numerous for mention here. The general conclusion to which it is de- 
sired to bring the reader is this : if causes can be proved to exist capable of changing 
atmospheric oxygen gas in its ordinary state to oxygen gas in its extraordinary 
gtate, how vast, how complicated must be the meteoric results determined thereby ! 

* That such natural causes do exist will be readily inferred from a consideration of the 
artificial methods to which the chemist has recourse for changing ordinary oxygen into 
ozone. 

MeihLodfi of Ozonising Oxygen Gas. — The most ready method of ozonising 
oxygen gas is as follows : — Take a few sticks of phosphorus, scrape them free from all 
superficial contamination, place them in a wide-mouthed bottle containing alittle water but 
not enough to cover the phosphorus. Let the whole remain at rest for about ten or fifteen 
minutes, and a considerable portion of the atmospheric oxygen will have been converted 
into ozone. The ozonized air thus generated will be at present mixed with vapours of 
phosphorous acid ; washing will free the air from these, however, without removing the 
ozone. That the air thus treated has become considerably modified in some way, will, 
in the first place, be rendered evident by the smell ; atmospheric air, when pure and in 
its ordinary state, is devoid of smell. But the atmospheric aii’, the product of the 
experiment just detailed, will be found to have a very peculiar odour. It will be found, 
moreover, to be capable of removing the colour cf sulphate of indigo, and other vege- 
table and animal colouring bodies. All this is due to the modification which ordinary 
oxygen gas assumed — due to its assumption of the allotropic state — to its conversion 
into ozone. 

Another ready method of generating ozone is this ; — Moisten tho interior of a bell- 
glass receiver, or a large-mouthed bottle, with ether ; then take a glass rod, heat it in 
the fiame of a spirit-lamp, and plunge it into the bottle or bell-glass ; under these cir- 
cumstances ozone will be formed, provided the glass rod has not been heated to an 
inordinate temperature, for the circumstance has to be mentioned that ozono is recon- 
verted into Qrdi&ary oxygen ^as by contact with any body heated above a certain, but 
not very well-determined, point. 

We have seen that the ordinary method of generating ozone consists in promoting 
the coiYtact of phosphorus with atmospheric^air (or oxygen) under certain conditions. 
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Many other Bubatanoes besides phosphorus are capable of generating ozone by contact. 

Oil of turpentine, and many other essential oils, will accomplish this ; and the fact in 
question cannot be too forcibly remembered by the painter, who may discover in th^ 
philosophy of ozone the reason why certain pigments fade, or are bleached, thus de* 
stroying the general effect which he desiied to produce. Meteorologically considered, 
however, the most important source of ozone remains to be described; 1 refer to the 
production of ozone by means of electricity. Every person who has been much accus- 
tomed to work with the electrical machine must have noticed the generation of some- 
I thing powerfully odorous during the friction of the cylinder, or plate, against the | 
rubber, This odour has, in point of fact, been called the electric melh Now, if this 
electric smell be compared with the smell of the atmospheric air which has been treated 
with phosphonis, as just described, and M'ashed, the two odours will be found to be 
identical, which is a presumptive evidence that elecfricity has in some way been con- 
cerned in the formation of ozone — an idea which extended experiment fully comfirms. 

It has already been stated that the most prominent quality of ozone is its highly 
developed oxidising power. By taking advantage of this property, wo are 
supplied with an easy means of recognizing it, by moans of a test-paper, imbued 
with a mixture of iodide of potassium and starch. The chemical reader need not 
be informed that iodine colours starch blue, whereas oxide of potassium does not; 
therefore test-paper, imbued with iodide of potassium and starch, may occasionally be 
resorted to for indicating the presence of certain bodies which have the faculty of^ 
decomposing iodide of potassium, and liberating free iodine. Ozone is one of these, 
which fact remembered will render the following experiment intelligible If a piece 
of paper, imbued with iodide of potassium and starch, be held between the prime con- 
ductor of an electrical machine and the knuckle or a metallic ball, and electrical 
sparks transmitted through it, spots of blue discolouration will be seen on the paper, 
corresponding to each electrical spark. 

The method of detecting the presence of atmospheric ozone is now readily in- 
dicated. If a strip of paper, imbued with solution of iodide of potassium and starch, 
turns blue, the existence of ozone is demonstrated. The experiment is very striking 
when performed near the sea. During the prevalence of a land wind, the test-paper 
will generally afford slight indications, or none at all ; during the prevalence of a sea 
wind, however, ozone can generally be detected. 

The reader will now be prepared to form some idea of the natural causes which 
may generate ozone. We need assume no other agency than that of electricity, 
j to be assured that the production of ozone must bo universal, and, looking on the 
( world as an aggregate, continuous ; and when we consider the potent nature of ozone, 
the irritation it produces when breathed, the facility with which it bleaches, corrodes, 
and destroys, we shall not be at a loss to understand that the consequences to living 
beings of its excess or diminution must be all-important. A most important function 
of ozone has yet to be indicated, it removes almost more rapidly than chlorine itself 
the had odours resulting from the decomposition of animal or vegetable bodies. If a 
piece of putrid flesh be immersed for a few minutes in a bojflo of ozonized air, the 
odour of decomposition is totally destroyed. With these facts before us, we may | 
form some idea to ourselves of the important functiona which ozone is designed to I 
accomplish. Lessen the ^ount of atmospheric ozone, lower it below given limits, 
and Increase the atmospheric temperature to the degree most congenial to organic 
decomposition, and the air will soon bg charged with disease-bearing putrid odours. 




physical P&OPEItTlES OF GASEOUS tJODIES. 


It is iia aceofdanco with all diat philosophy has been able to teach us in relation to 
the laws of epidemic and endendo maladies, that the presence of such gaseous odours of 
organic docompositlon as are here assumed, must be the fruitful source of disease ; and 
it is not possible, after having studied the qualities of ozone,' to refuse assent to the pro- 
position that the existence of this agent in competent ampuut must be followed by the 
destruction oi the pestiferous odours of organic decomposition. If, however, ozone be 
naturally formed at any time in excessive amount, it is not difficult to foresee that 
other serious consequences must result to animal life. The inhalation of an irritating 
gas cannot but produce injurious effects on organs so delicate as the lunge, and per- 
haps many of the now anomalous and inexplicable effects of chonge of air to patients 
suffering from ebest diseases may hereafter receive their solution in a more intimate 
acquaintance with the laws of ozone. 

Pltyaical Properties of Oaseous Bodies. — The word gas is of Oennan 
origin, and was first employed by Van Helniont to signify the vapour which escaped 
from liquids undergoing vinous fermentation. At later periods the term was applied 
to designate every invisible substance dist^ngaged from bodies by the application of fire, 
Maoquer, a celebrated French chemist of the eighteenth century, extended the meaning 
of the term gas to signify every kind of air besides atmospheric air ; and modem che- 
mists have extended the meaning of the term still further to indicate elastic fluids, 
whatever their colour may be, which are not readily condensible. Atone time it was 
I , erroxieousiy imagined that gases did not admit of condensation ; in aecordance with 
: this belief a gas was defined as being a permanmtly elmtic fiuid, thus distinguishing 
this class of bodies from mere vapours, which, so far from being permanently elastic, 
are verj” readily condensible. Modern discoveiy has proved this distinction to be 
untenable. All the known gases, except oxygen, nitiogtn, hydrogen, nitric oxide, car- 
bonic oxide, and coal gas have bi'en liquefied, and a great number of them solidified, by 
subjecting them to extreme cold and pressure. 

Lnw of Marriotte — TJie Volumes of Gases are inversely to the Tresmtre applicdl. — This I 
is a very celebrated law, and ono that intimately eonecnis the meteorologist; it may 
be otherwise termed the law of compressibility of elastic fluids. 

It will be recognized that the law in question, according to the exposition of it just 
given, is a general law apidying to a vast number of gaseous and vaporous bodies. For 
a long lime its absolute liulli remained unquestioned, but more recently M. llegnault 
and others have demonstrated it to be not of universality. 

Even atmospheric air and nitrogen do not rigorously eonfoim to the law ; and car- 
bonic acid, and liquefiable gases generally, are so little amenable to the law, that, as 
applied to them, it cannot be regarded as approximately correct. Even the rate of com- 
pressibility of hydrogen is not strictly accordfiTrt with the law, although the deviation 
in this case is in the opposite diiection to the deviation when atmospheric air is con- 
cerned ; for it suffers less compression than, according to[the law, should take place. 
Carbonic acid and nitrogen, when compressed by a force of forty-^ve atmospheres, only 
fill seven-^tenths of <3ie space they ought to occupy according to the law. 

Now, inasmtich as the philosophy of estimating the height of mountains barometri- 
cally, is intimat^ associated with the law of Marriotte, it is well to indicate that this 
law is not quite correct ; aev^theless, as regards atmospheric air, it is so nearly correct 
that we may' accept it without demur. , 

The expeehnjSDt by which the law of Marriotte was deduced is asfrdlowB : — ^Into a 
st^ng glass tube, of equal diameter throughout, bent on itself (as represented in Fig. 
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2), open at the long and closed at the short extremity, a little mercurj' is poured 
in such a manner that it shall be perfectly level in the two legs, as represented by the 
line A B. Under these circumstances it will be evident that the air D 

inclosed between B C andi A 1) will be equally cornpressed. Let ua 
assume the amount of compression to be represented by the weight jr. 

Let us furthermore assume that the weight of a column of mercury 
between 0 and D to be = ar, and let ns call it m. If, tben, on filling 
the long arm of the s^’phon with mercury, the column of air originally 
extending from B to C be diminished to the column extending from 
B' to C, that is to say, to one-half, 

then we have = or2a?=iBC; 

proving that the con)prcF&ion of air within the limits of the experi- 
ment is invcrpcly to the pressure applied. In like ifianncr, whenthe 
pressure is triple, the volume of gas is reduced to oue-tbird ; when , 

, quadruple, to one- fouith, etc. M. Arago has experiinentaliy dctcr- 
! rained that the law ligorously applies to atmospheric air up to a 
; pressure of twenty-seven atmospheres. 

j The Atmottphoro a& a Pondei'ahle Agent. — Owing to the equality 0<f 
' pressure which the atmosphere cxerciECS on every side, w<‘ are not * C 
! ordinarily conscious of its possessing weight. Nevertheless, its 
j weight is no less definite, under proper limitations of demonstration,, 
i tlian the weight of any solid or liquid. The weight of the atmos- 
I plicro may be contemplated under two conditions : firstly, as the g 

equivalent weight of an atmospheric column of known sectional area 
hut unknown height ; secondly, as the equivalent weight of a known Fig. 2, 
atmospheric volume under piopcr limitations, presently to ho indicated. Both these 
j investigations will now have to he considered. 

I JkUrtnimUon of the jrcu/ht of m Atmospheric Column of known Sectional Area hut 



ing the 


unknown Elevation. The Barometer . — 
Expn'iment 1. — If a piece of glass tube 
ho taken equal in bore throughout, hav- 
ing a length of some thirty-three or 
thirty-four inches, closed at one ex- 
tremity and open at the other ; if it be 
filled with mercury, then closed tempo- 
rarily by the thumb, and inverted in a 
basin of mercury, as represented in the 
accompanying sketch (Fig. 3), we 
shall obtain a barometer of perhaps the 
most simple form this useful instrument 
can assume. We will proceed to study 
its philosophy. Firstly, let it be observed 
that though the ^bhe was quite full of 
mercury, it d<^s not remain quite full* 
No sooner is the restraining thumb re- 
moved, Uian a portion of the mercury 
• sinks into the basin. If, instead of hold- 

inverted tube in the hand, as represented, some permanent support b© devised 
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for it ; if the point corresponding with the present elevation or level of the mercury be 
marked on the tube ; find if the tube be examined f^om day to day, the observer will 

soon find the level to fiuctuate ; some times it will 
rise, at other times fall. He will find, more- 
over, that the mercury will become depressed pre- 
vious to stormy weather! 

The instrument thus roughly extemporized is, 
in point of fact, a measurer of the weight of an 
atmospheric column of known sectional area (t.c., 
the area of the interior diameter of the tube), but 
of unknown elevation. It is a barometer; and 
collaterally — inasmuch as depression of the mcr- 
•curial column usually precedes stormy weather— 
the roughly-extemporized instrument is a weather- 
glass. 

Den&onstiration. — It is desirable occasionally, 
when treating of natural phenomena, to violate 
the mathematical rule of accepting no fact until it 
has been demonstrated. 

Thus, in the present instance, I have taken the 
fact for granted that the cause operating to maintain 
a mercurial column in the closed tube, is atmospheric 
pressure; and the cause to which variations of the 
height of that column is referable, is fluctuation of atmospheric pressure. The 
first proposition shall now be demon- 
strated, w’hen the second will bo ac- 
cepted by inferential reasoning. 

£a:perimMi 2. — If, instead of a tube 
closed at one extremity, an open tube bo 
taken and one end be occluded by tying 
securely over it two or tliree strong 
pieces of moistened Madder : if the tube 
thus prepared be filled with mercury, as 
before, and inverted in a basin of mer- 
cury, we shall bo in a position to de- 
monstrate the proposition tliat it is owing 
to atmospheric pressure — and that alone — 
that the merourbil rolumii io supported. 

The operator has simply to prick the 
bladder, and let in air, when the whole 
column suddenly descends to the level of 
the mercury in the basin (Fig. 4). 

There is another^ form of demonstra- 
tion, as follows ; but it la not so simide 
as the last, inasmuch as it requires the 
aid of the air-pump : — * Fig. 5. 

A is a glass air-pump receiver (Fig. 5), • 

through the neck of which the tube B passes, inclosed in an exterior tube, w'bicb may 
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be regarded as a prolongation of tbe receiyer, C is the plate of an air-pump, on which 
the receiving jar is laid. 

Let us assume that the barometer tube has been filled with mercury as before, 
plunged in the basin containing mercury underneath, the receiver A slipped over it, 
and ^ally extension madd by the long glass sheath. Let us assume now that the air* 
pump is worked, and exhaustion gradually effected. Under these circumstances, the 
mercurial columns will be seen to fall, and it will fall by jerks, each jerk corresponding 
with a stroke of the pump-handle. Hence, by the two preceding experiments it is de- 
monstrated that to atmospheric pressure, and atmospheric pressure alone, is the varia- 
tion mercurial column due. It is also proved , inferentially, that the fluctuations of height 
witnessed from day to day in a barometric column are due to variations of atmospheric 
pressure. It appears, then, that by the barometer wc actually weigh a column of 
atmospheric air equal in length to the whole elevation, of the atmosphere, whatever that 
may he, and equal in area to the internal sectional area of the barometer tube. The 
barometer, however, gives us no information in terms of cubic dimensions of the baro- 
metric mercury. Thus, supposing the barometric tube employed to have a sectional 
area of one square inch, and supposing the mercurial column to be thirty inches high, 
then we should he correct in averring the pressure of an atmospheric column a square 
inch in sectional area, and extending the whole height of the atmosphere, to he equal 
to the weight of thirty cubic inches of mercury. Now the weight of thirty cubic 
inches of mercury will be about fifteen pounds^ hence the atmosphere is saidAto exert 
a mean pressure of fifteen pounds on every square inch at the level of the sea. ^ 

Influence of Slewation on tbe Baxometxie Column.— It will be evident, on 
reflection, that the atmospheric pressure must decrease with every increment of elevation 
above the level of the sea. Founded on this principle, the barometer is frequently em- 
ployed to determine the height of mountains ; and, rcveiatng the application, itmight also 
be employed to determine the depth of mines and wells. At the elevation of about thirty- 
six miles, the pressure of the atmosphere cannot amount to more than O’OOl of an inch 
of the barometric column ; and conversely, at a depth of about sixty-six miles, the 
density of the atmosphere would be about 100,000 times gi-eater than at the surface of 
the earth, being six times more than the density of gold and platinum ; so that, sup- 
posing either of these metals to be plunged into such an atmosphere, they would 
actually float. 

If the atmospheric density were uniform, a barometric fall of one inch would 
correspond to 11,06.5 inches, or 992 feet of air. But it is not uniform, as we have 
already seen j therefore such deviation from the standard of \miformity, and indeed 
many other circumstances, must he taken cognizance of before wc are enabled to 
employ the barometer as an indicator of atmospheric elevations. 

The law of Marriottc teaches that the dilation of a, volume of air is propor- 
tional to its density, so long as the temperature to which it is exposed is constant ; 
whence it follows, that the density of the atmosphere diminishes from below upwards 
in geometrical progrossion. Reasoning on this basis, it appears that, as.suming any 
particular elevation above the point of observation, its numeral* exponent may be 
regarded as tbe logarithm of the density of the lowest atmospheric layer, or, in other 
words, of the barometric column. A consideration of the mutual relation subsisting 
between numbers and their logarithms will render this* evident, for logarithms are 
nothing more than number^ increasing by arithmetical progression, corresponding to 
other numbers, the increase of which is also in geometrical progression. Being possessed 
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of a table of logarithms expressing the* densities of atmospheric layers, one might 
calculate the height of a mountain by two observations made at two stations ; hut the 
same result may bo arrived at by using a common table of logarithms, and multiplying 
them by a constant factor. According to Deluc, the factor is 10,000. 

l^Fany other considemtiona have yet to be taken cognizance of before the barometer 
can be accurately applied as a measure of mountain elevrfcions— they are temperature, 

latitude, relation subsisting between ^e specific gravities of air, and mercury = 

and dilation of mercury for each degree of the thermometer =0 *0001 for each degree of 
Fahrenheit’s scale. All these general considerations have been embraced in tables. 

Although the circumstances necessary to be taken cognizance of when employing 
the barometer us an indicator of mountain elevations are numerous and eo implicated, | 
nevertheless the results obtained are susceptible of a considerable degree of accuracy. | 
Subjoined is a table of comparative results between trigonometric and barometric 
observations. The difference, it wUl be seen, is only trifling. 


COMPABISON OF TIIIOONOMETHTC and BAllOMUTEIC MEASUREMENTS OF 
MOUNTAIN HEIGHTS. 


Observers. 

1 

Place of Observation, i Latitude. 

J 

1 

Longitude. | 
1. 

Tvigonome. 
trie height 
in feet. 

Barome- 
tric height 
in feel. 

Webb . . 

1 

Gunna Nath, Stockdale; 29“ 45’ 

56*’ 

79“ 30’ 

! 

29" 1 

6,828 

6,831 

Borda . . 

Bagha Ling, Temple .i 29“ 47' 

30" 

80’ 2' 

27" 

7,646 

7,635 

Von Buch. 

Tencriffe 1 28’ 30’ 

0" 

10’ 13' 

0" 1 

12,188 



Ditto ! 





12,131 

Buckle 

Sugar-loaf, SierraLeone 8“ 29’ 

40" 

13“ 15' 

0" 

2, *493 


Sabine 

‘Ditto ditto 




.... 

i 2*521 

Sabine 

jSpitzbergen . . . . 73“ 0' 

0" 

j 10“ O'* 

0" 

1,644 

1,640 


When an approximate result is alone required, and tije height is inconsidenihlo, a 
fall of allowed for every ninety feet of elevation, or TT^iyth of 

an inch for every foot. This rule siiffiecs for the small differences of elevation at which 
barometers are hung, and enables the observer to institute a comparison between them. I 
Correction for temperature must, howu ver, not be omitted. The ratio of expansion for j 
mercury, glass, and braes — the materials employed in the manufacture of barometers — 
will be pointed out hereafter ; meantime I may as well indicate that perhaps, after all, i 
it is well in practice to ignore these complex ekments, and to consider yt^gths of an j 
inch as the allowance for meicurial expansion for every degree above 32, and 
Applying the above corrections for temperature and pressure to practice, let it be 
required to know the altitude at the level of the sea and at 32"’ Fah. of 29*565 inches 
of mercurial column at a place 150 feet above tlic level of the sea, and at temperature 
55“ Fah. Inches. 

Actual height of mercurial column ...... 29-565 

3 23 GO 

Deduct for 23“ of temilferature above 32 ^ I ~ 1^0 ~ 

Altitude of mercury . . . . =r , . 29 *496 

Add for elevation ‘001 X ‘150 • . . , , =s . . *150 

Altitude at level of sea, at temperatuTe 32° Fah. . . = . . 29*649 


IMFUOYEICENIS OF THE BAROMETKK. 


'i'litj rtacliij vill remember that the previous remarks have reference to the barometer 
as affected by air at rest, this beii^ the simplest atmospheric condition which themycta 
assume. He reafter we shall discover that the barometer, when influenced by the 
atmosphere in motion — by winda, in other words — is subject to influences from that 
cause. ^ 

Further Jmprovemenfs of tie BarMmier . — barometer in its siinplcst form, as 
already desciibcd, is a more perfect instrumeni; than many in which 
simplicity of' form is departed from, in deference to portability ; never- | 

thelci^s it is not quite correct. To be absidutely correct it is indis- i 

pcnsablfi that the mci curial level in the basin should bear a constant 
ratio to the mercury remaining in the tube, a condition which evidently | 

cannot be obtained in the Instrument just described. In proportion as I 

mercury descends out of il.e inverted lube, the level 6f the mercury in \ 

the baidn will be elevatod, and to i)je extent of such eWalion the | 

indications of the instrument will be prejudiced. Vai'ious means 
are had recourse to for lessening, or absolutely removing, this eviL 
It may be lessened b}* inereasing the width of the basin to such extent . I 
that the ratio of ole^ati(.n of the mercurial suifiice may he so greatly j * 

diminished that it will practitally cease to inipai*t errors. It may be 
absolutely removed by one of two devices. One consists in mounting ^ 

the receiving basin on a screw, which, by elevation and depressioxi, 
regulates the quicksilver to any desired level. Such is the contrivance * 

of M. Fortin, whose ccmstruction of a' barometer is here subjoined ^ 

(Fig. 6) ; but uiore usual i., it to attach to the barometer a long scale 
having a slide HKition, so that the lower end or coiwinencement of the scale may be 
f made to coincide with the level of the mcrcuiy in 

! ij I the basin. Piactically, however, the basin is 

I I usually dispensed with, the feservoir for mercury 

i I 1 being a mere extension of tlie barometric tube, in 

i I I some cases bulbed, and in t)ther8 quite plain. Both 

I i I these forms of construction are annexed (Figs. 7, 8). 

! II I The Wmiher-ylaHn . — The primary and only 

I Ij direct function of the barometer is as I have 

i I described- Its mercurial column indicatca, by rising 

I I and falling, the varying weight of the superin- 

I ’ I ri cunibent atmosphere. Very frequently this direct 

I 1 I'l function is taken no account of; variation in the 

|| ^ ^ Ij Im state of the weather being all which the observer 

II I {.| ,|j desires to make himself acquainted wuth. Sub- 

\\J J v lji' serviently to this intention, all direct rise and fall 

^ of the barometric column is lost sight ofi and 

the indications of a dial-plate jvith moveable hand 
substituted, ^uch an instrument is termed the dial W'cathcr^lass, the construction 
of which is as follows • -T (Fig. 9) is a barometer tube, W is a small float attached 
to one end of a cord, the other extremity of which is att, ached to a small weight, N. 
From this arrangement it wdll be se en that evei-y rise and fall of the read barometric 
coludm in the long arm o{ the tube, will eoriespond with a parallel fall and rise 
of the mereurial eoluxnn in the short ^sizn. It will be seen, moreover, how the 
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small float, k?, is raised and lowered, how the pulley M will be caused to revolve, 
and the indez-hand (to traverse the dial plate of the instrument. The exterior of 
the wheel barometer is represented in Fig. 10, 

I need scaroely indicate that« 
the wheel barometer is consi- 
dered, barometrically^ a very im- 
XKirfect instrument. Not only 
is the varying ratio between 
the mercurial column and the 
level of the mercury in the re- 
servoir here a'necessity, the very 
index motion depending upon 
it ; blit the presence of the float, 
tr, tends also to embarrass the 
free ascent and descent of the 
column of barometric mercury. 

Manufactwe of a Correct 
Harometer.’—^ot to render the 

principles concerned in the barometer complex, I have 
hitherto assumed that the act of charging a tube with 
mercury is simple and free from difficulties. Practically 
this is not so ; many precautions have to be taken, other- 
wise the resulting barometer will be anything but correct. 
Firatly, the tube selected must not be too small; many 
instruments arc rendered incorrect owing to neglect of this 
precaution. The internal diameter of the barometer tube 
should scarcely be less than a quarter of an inch; it 
may be even more with advantage. A small barometer tube 
prejudices the correctness of |the instrument in two re- 
spects. Firstly, the variations of expansion and contrac- 
tion of the mercury, due to variations of temperature, are 
more considerable; secondly, the motion of the quicksilver 

Fig. 10. 

up and down is impeded by friction against the glass. 

The Mercury must he Ture and dejn'ived of Atmospheric Air, — Mercury, as commonly 
existing, is generally impure. It contains uncertain quantities of tin, lead, and some- 
times zinc. Of course these admixtures damage the mercury for barometric pui poses. 
The observer desires to read off his atmospheric pressures in terms of inches of mercury, 
not in terms of inches of a mercurial compound. It is indispensable, therefore, that 
the impurities be discharged or extracted. Various proccsBcs are used to this end, but 
the process usually followed by makers of barometers consists in agitating the mercury 
to be purifled with dilute nitric acid, which gradually dissolve/s out the extraneous 
metal and leaves th^ mercury pure. 

Far greater difficulties are encountered in discharging atmospheric air from the mer- 
cury employed. This is accomplished by boiling the mercury after it has been poured 
into the tube. The operation requires great delicacy, and the instrument is frequently 
broken in the operation. , 

Method of heading off Barometric Indications correctly. — It is not possible to read off 
by referring to a common scale of inches an J parts of inches the various small eleva- 
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31 


29 


— 28 
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— 20 


Fig. 12. 



Fig. ll. 


lions and depressions of a barometric column. Two methods are had recourse to for 
obviating this difficulty : one is the diagonal tube, a contrivance altogether peculiar to 
the barometer ; the other is the vernier or no* 
nius sc^le, employt'd for the general purposes of 
facilitating the reading of minute scale divi- 
sions. 

The diagonal* tubed barometer is represented 
by the accompanying diagram (Fig. 11), 

Tlie Nonius or Vernier Scale . — This is an in- 
genious contrivance for measuring small linear 
divisions by means of larger divisions, and con- 
sequently more easily recognizable by the eye 
than larger divisions would be. fThus, for ex- 
ample, by means of a vernier graduated in divi- 
sions of an inch and one-ninth wo can read 
off tenths of an inch, as will be seen by re- 
ference to Fig. 12. 

Let A be a scale sliding in proximitj' to B. 

Let each of the divisions on B be = one inchi 
and each of the divisions on A = one inch and 
one. ninth. From these considerations it follows 
that nine divisions on A arc equal to ten divisions on B. Directing * 
the eye to the upper limit of A, it will be seen that its edge corres- 
ponds to thirty inches, and somtihvng more on B. In this case the 
observer would have no difficulty in recognizing, the amount over 
and above thirty inches on B to be equal to four-tenths of an 
inch. Our scale divisions are so large that a vernier scale is not 
required for conveying that information. But assume the tenths 
division between 30 and 31 to be obliterated, still we shoiildbe able 
to discover the overplus beyond 30 inches to be four- tenths by means 
of the vernier scale A, inasmuch as the number of tenths will bo 
equal to the number of whole parts on the 
vernier scale A above the first line of coin- 
cidence between it and the scale B. Now the 
line of coincidence in question is at 26, count- 
ing upwards, from w'hich, to the extremity, 
we have four divisions, which indicate a 
fraction of four-tenths of an inch over and 
above 30 inches. 

Correction of the Barometric Column for Capillarity . — If mer- 
cury be poured into a glass vessel, it will not furnish a perfectly 
level surface, but *will be elevated, as in the accompanying 
diagram (Fig. 13) ; or, in the language of philosophy, it will 
constitute a meniscus ; and if the line V be dropped perpen- 
dicular to the line B, joining the two comers of Uie meniscus, 
the line V will constitute, in the language of trigonometry, the 
versad sine of the menisci^. The convexity of the mcniscoid 
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surface of mercury will vary in proportion as the diameter of the tube or other vessel 
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containing the mercury Tariea. Hence the allowance to be made for diminution of 
the height of a mercurial oolomn, owing to capilla>rsty, is determined by two con- 
Biderations — the diameter of the tube, and the length of the versed sine of the coi- 
responding meniscus. 

The necessity for such allowance does not ^lOpply, as will hereafter be seen, to 
barometers of every form ; neither is it imperative, so long as tJjc indications of 
one barometer are to be compared amongst thenvaelves; but it is indispensable if 
we would compare the indi- 
cations of barometers with 
each other. 

First, let us consider tho 
cases to which the correction 
for capillarity does not apply. 

It does not apply to any baro- 
meter, the reservoir of which 
constitutes part of tho tube 
itself. The accompanying 
B diagram (Fig. 14) represents 
a barometer of great tubular 
diameter. Two mcniBcoid 
surfaces of mercury are there 
apparent — one at A, another 
at B. Now it is evident that 
Fig. 14. columnar interference nt 

A will be exactly equal to the columnar interference nt B, provided the tubular diameter' e 
equal throughout. lienee, whether the degree of elevation be counted from the summit 
of the lower to the summit of the upper meniscus, or fromtlie base lino joining the two ] 
corners of the lower meniscus to the base line joining the two comeis of tlio upper oik*, 
the two resulting eolumnar estimations will be strictly equal and comparalde. Jhit it 
is different when the observer has to do with barometers eonstnu'ted on the original, or 
Toricellian, plan of a separate reservoir ; in this case the meiiiscoid elevation of tin* 
mercury in the reservoir is practically ignored, being so inconsiderable that it amounts 
practically to nothing, as will be seen by reference to the accompanying diagram 
(Fig. 16). 

Annexed is a small table of depressions due to e«apillarity. Larger and more elabo- 
rate tables have been calculated, but the one given will suffice for, perhaps, every 
occasion. The meteorological student cannot have the fact too strongly impiessed upon 
him, however, that the barometer is confessedly a very imperfect instrument; therefore 
correct results from barometric observations arc to be looked for as the mean resultant 
of a number of accumulated observations, rather than from any elaborate mathematical 
tabulations of principles, correct enough in themselves theoretically, but which do not 
admit of being realized in practice. 

In the record of |8omc barometrical observations, we find cognizance taken of 
thousandths of inches. Until the errors which attach to the principle of the barometer 
greatly diminish, a record of/housandlh of inches cannot be otherwise regarded than as 
a kind of philosophic affectation. I 
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HianletfT. 
Hundredths 
of inches. 

Depr 

Ivory. 

estion in HechnalB of 

Yotinp. 

Inch.. 

Laplace. 


•2949 

•2964 



•1404 

•1424 

•1394 


•0865 


•0854 


•0583 


•0580 


•0409 

•0404 

•0412 

30 

;-0293 

•0280 

•029G 

35 

;-0212 

•0196 

•0216 

40 

•0154 

•0139 

•0159 

45 

•0112 

•0100 • 

•0117 

50 

•0082 

•0074 

•0087 

60 

•0043 

•00 J 5 

*0046 

70 

•0023 

• • . • 

•0024 

80 

■0012 


•0013 


Thermal expansion.— 1 have already adverted casually to the condition of 
thermal expansion as an interfering cause in all estimations of true barometric columnar 
heights; ami, by anticipation, 1 have already furnished an approximative means of 
making allowance for it. "We will now piofced to examine more narrowly the function 
of thermal expansion, which not only hitimately concerns the barometer, but is tbe 
fundamental basis of the thermometer, and hesides it enters as an element into so many 
meteorologic calculations, that a thorough investigation of its laws cannot be omitted. 
I shall, therefore, embody the laws of thermal expansion in a few propositions for suc- 
cessive demonstration. 

Heat may be regarded in the two senses of signifying temperature, or that sort of 
heat which is recognizable to the sense of touch, and ^\hich affects the thermometer ; 
and Iieat which is devoid of these manifestations, W'hich neitljcr creates the sensation 
of warmth nor is amenable to thcrmomctric demonstration. Tlie former w'emay express 
1 y the term sensible heat, and the second by the term latent or insensible heat. 

On the supposition that all the functions ot heat, sensible as well as insensible, are 
referable to a rial physical agent, the term caloric has commonly been applied as the 
representative of such agent ; but though the term be in general use, it is perhaps ob- 
jectionable — modern science leading us to infer that the functions of heat are due to 
a condition of matter, rather than to a separate agency. It is to evident heat, recog 
nizahle to the touch, that I shall now direct the reader’s attcijtion. 

T. Heat ajffecis the Volume of all Bodies. — The general effect of heat on bodies is to 
cause their expansion. Su general is this rule, t) at we shall do well to consider it as 
universal ; treating all deviations from it hereafter as so many exceptions. 

II. The Vohime of all Solids is increased by increase of Heat. — This proposition is 
demonstrated by so many instances commonly occurring, that specific experiments are 
hardly required. The wheel- wright takes advantage of this property to bind tightly 
together the wood- work of his carriage- wheels. He heats the annular tire, by which 
he expands it ; ho then slips the tire over and around the wood- work, and, allowing the 
tire toicool, the w'ood-work tightly braced together by an indomitable force. 

Some years since the walls of the Conservai^dre des Arts et Metiers^ at Paris, were 
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found to be diverging from the perpendicular. They were restored to their original linea 
by the following beautiful expedient — ^They were perforated transversely, copper bars 
were thrust through the perforations, oach bar at either extremity being supplied with 
a nut and screw. Every alternate bar was liow heated by mdans of a spirit-lamp flame ; 
being heated the bars expanded, and the screw-nuts being now turned close up to the 
wall on either side, the bars were allowed to cool. By cooling they contracted, pulled 
the walls to some extent together, leaving the ends of the unheated bars protruding ; 
their screw-nuts were now turned close up to the wall ou either side, and the heating 
process repeated. Thus little by little the walls were restored to their original position. 

An exemplifleation of the expansion of iron by heat sometimes occurs to the laun- 
dress. Occasionally she is surprised to And that the heater of her Italian iron will not 

I, F. enter its correspond- 

ing sheath when red 

C hot, though it enters 

^^11 1 readily enough when 

cold. This is attri- 

* butable, as the stu- 

- perceive, 

’ ‘ to the effect of thcr- 

mal expansion on the 
iron (Fig. 16). 

Thousands of familiar instances might be cited, all illustrative of the same pro- 
perty. I shall leave their consideration to the reader, concluding my remarks on this 
part of the subject by bringing before his notice a common lecture experiment, illustra- 
tive of solid thermal expansion. Lot Gr (Fig. 17) be a ^ 

guage, into which the metallic bar, A, accurately fits, Imi iiui iCm in lTi] 

whilst cold; it will be found that when the bar A is 3 

lieated — moderate heating will suffice, such as may be 
accomplished by means of the flame of a spirit-lamp, Fig. 17, 

or a basin of hot water— the heated bar will no longer fit into the guage. In this 
way the student may demonstrate the fact that each different solid possesses its own 
definite rate of expansion for equal degrees of temperature. 

Investigations of the law regulating the thermal expansion of bodies under every 
condition are attended with extreme difficulty. They have been conducted by 
Regnault, Eudberg, and others, with great industry and much success ; but, as in most 
cases where the investigation of natural pheuomena through long ranges are concerned, 
the results are merely approximate. To give the reader a general notion of 
one of these difficulties, let it be assumed that A B C D stand for successive 
equal intervals of thermomctric graduation. Let it be assumed that the rate 
of expansion of a substance from A to D be known to be equal to a quantity 
expressed by Y. It by no means, however, follows — nor do philosophers believe — that 
because tho rate of expansion of the body between A and D is equal to Y, therefore 

^ Y. 

the rate of expansion of the same body between A and B is equal to — 

Further consideration of this matter may, however, be omitted in a treatise on 
meteorology. We merely want to bo acquainted with approximate results of the law, 
in order to allow for practical discrepancies between the apparent and the actual in- 
dications of the instnuncTiti employed in the course of our researches. 
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To convoy a general notion of this kind of knowledge to the meteorological 
observer, the student's attention may be directed to the fact that, supposing a barometer- 
scale to be made of brass, and supposing the tube to be filled as usual with mercury, then 
the amount of expansion of mercury by heat, and for which allowance has to be made, 


M 


will be determined by the ^atio g-, if M stands for the co-efficient of expansion of 


mercury, and B with the co-efficient of expansion of brass. By the term co-efficient of 
expansion is meant the number indicating the amount of expansion peculiar to any 
body for given ranges of temperature. 

III. r/*e Volume of all Liquids is increased hy increase of Heat. — Investigations prose- 
cuted for demonstrating this law are attended with a difficulty which does not apply to the 
previou§ ease. Liquids require vessels to hold them, and these vessels are themselves 
amenable to expansion. This difficulty has been very ingeniously avoided by MM. 
Petit and Dulong, who determined the expansion of liquids by a method founded upon 
the well-known hydrostatic principle, that the vertical heights of two fluids communi- 
cating by a horizontal tube are in inverse ratio to their densities. The accompanying 
apparatus (Pig. 18) was employed in their experiments. A, B, C, 1) is a tube bent 
twice at right angles, and 
enlarged at either extremity; 
the two vertical tubes are 
connected inferiorly by a 
horizontal tube of exceed- 
ingly fine bore. By virtue 
of the hydrostatic law just 
mentioned, it follows that if 
any liquid of homogeneous 
density be poured into the 
vertical leg of one side, it 
will rise to a corresponding 
elevation in the vertical leg of the other ; and if the fluid in one vertical leg be now 
heated, and consequently expanded, its height will be in excess of the columnar height 
of the other by a definite quantity. By an easy train of mathematical "reasoning, the 
expansion due to heat can be deduced from a consideration of the different levels and 
the different temperatures of the two vertical tubes. Our diagram represents each 
vertical tube aurroundod with a cylindrical vessel These vessels are for the purpose 
of commanding variations of temperature, one tube being filled with ice, whilst the 
other is filled with hot water. 

By an experiment of this kind, the co-efficient of thermal expansion of mercury 
from 0 to 100 of the centigrade scale is ; whence, assuming its rate of expansion 
equal throughout, tho expansion for every centigrade degree will be or for every 
degree of Fahrenheit decimals = O'OOOIOI ; or, expressed in round numbers, 

one ten -thousandth part of its bulk. 

IV. The Volume of all Gases is increasedhy increase of Though the considera- 

tion of this law is not related, like the two preceding, to the construction of the baro- 
meter, it is intimately connected with the fimctions of that instrument, more especially 
as regards its application to the measuring of elevations; we shall do well, therefore, to 
consiiicr it at once. * 

It has already been remarked, that the rate of expansion of all solid bodies for given 
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increments of temperature is various ; and a similar remark applies to liquids. The 
rate of expansion of gases was first closely investigated by the immortal Dalton, who 
arrived at the oonolusion that all gases were equally affected by equal increments of 
heat, expanding to ^^h parts of their volumes at 32^* Fah. for each of the 180“, 
between 32° Fah. and 212° Fah. As regards temperaturq above 212® Fah. and below 
32° Fah., it was imagined by Dalton that the same law of expansion held good. Various 
theoretical reasons exist of a nature to create a doubt as to the large generalization of 
Dalton, and these doubts have been fully substantiated by M. Begnault. He finds that 
all gases do not dilate to the same extent between equal limits of temperature, neither 
is the dilatation of the same gas between the same limits independent of its primitive 
density. These arc interesting facts : they prove that to assume one co-efficient of dila- 
tation for all gases is obviously incorrect; nevertheless his experiments go to pi;pve that 
such an universal gaseous co-efficient of dilatation may bo adopted for convenience, without 
appreciable error, within the theoretical limits of ordinary experiment. We must not, 
however, continue to adopt :i4Tyth as our w'orking gaseous co-efficient of dilatation for 
every degree of Fah. between 32° and 212\ nor as subsequently adopted by MM. 
Petit and Dulong, but 

The Atmosphere Actually oz Practically Considered. — Wc have hitherto 
regarded the atmosphere as a compound or mixture of nitrogen and oxygen gases only, 
hut the reader need not bo informed that such an atmosphere is altogether theoretical. 
Besides nitrogen and oxygen gases, there always exists a portion of carbonic acid, also 
aqueous vapour, cither visible or invisible. These arc invariable components of the 
atmosphere, indispensable to its functions, adapting it to the purpose of this workl’a 
economy. The atmosphere contains also other materials, the results of local operations 
in nature no loss than the operations of man. As the subject of our present investi- 
gations, let us consider the atmosphere as a mixture of the theoretical atmosphere yth/A 
aqueous moisture and carbonic acid. 

Limits of the Atmosphere . — It follows, from a consideration of the laws of elasticity, 
that the atmosphere must vary in density for every difference of elevation. The atmos- 
pheric layer nearest to the caith must be pressed upon by the supcrineiinibontatnjosphcre 
above it ; whence the deduction follows, tliat when we speak of 100 cubic inches, or any 
definite measure of the atmosphere, weighing a certain number of grains, certain condi- 
tions and limitations are implied. Some of these have reference to the composition of 
the atmosphere chemically considered, others have refcicncc to the atmosphere merely 
regarded as an elastic medium. To the latter coueiderationalonf; the reader^s attention 
will be now directed. 

Seeing that the atmosphere, in accordance witli the laws of elasticity, must neces- 
sarily expand the higher we ascend above ihe normal level of the surface of our globe— or, 
in other words, the level of the sea — the first question which arises is this— To what extent 
do the atmospheric limits reach } does the expansion go on ad injinitam to tho farthest 
realms of space, or are these limits definite } and if definite, what is the cause, or what 
are the causes, of, limitation ? Two theories havo been adopted in reference to this 
question. According ^to one theory the atmosphere is illimitable ; according to the 
other it is limited. Some of the arguments for and against I shall now proceed to 
give. ' . , . 

If the atmosphere be really illimitable, let ns see what should follow, to be in ac- 
I cordance with recognized laws, to which all pondcrabto matter, or matter Subject 
I to gravitating influences, is amcnahle. G^vitation being directly as tho mass of 






I 
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gravitating bodies, it should follow that, wire the atmosphere illimitable, each of the 
heavenly bodies should be surrounded with an atmosphere proportionate to its mass — 
an assumption which astronomy disproves. Thus astronomy furnishes strong proof 
in favour of the finite extension of the atmosphere. A consideration of the laws of 
the atomic constitution ofi matter lends farther, and perhaps stronger, proofs. 
Chemistry is full of evidence in favour of the atomic constitution of matter ; 
or, in other words, is full of proofs that all material substances are composed 
of molecules or particles ; to which extent they can alone be divided, and not 
beyond. The mathematical reasoning which has been employed against this 
atomic theory, as chemists term it, is specious at a first glance, but really untenable. 
To argue that the theoretical space occupied by any material particle may bo 
supposed capable of division, and sub-division, ad injinitumy is really not to the 
point. Space is ono thing, the matter occupying such space is another. The 
mathematical objection touches the space alone, not the matter ; therefore the chemical 
evidence in favour of the atomic constitution of matter is unanswered, and is 
apparently unanswerable. Let us now regard the consequences of this assumption as 
it relates to atmospheric air. The late Dr. Wollaston was the firat person •who 
directed attention to the limitation which should theoretically be imposed on atmos- 
pheric expansion, supposing the assumption of its atomic constitution to be correct. 
The atmosphere, like other ponderable 

material bodies, is subject to gravitating - • 

infiuences, thus imparting a tendency ^ 

stitution of tlm atmosphere to hold 

good, there must be some finite distance (l T 

from the sm’face,^ at which^tho 

The mcan disianco of this limit is as- 

sumed to bo about forty-five miles, : 

though it must differ for every point Fig. 19. 

north and south, being greatest over the equator, and least at either pole, as indicated 

by the accompanying diagram (Fig. li9). 

The reason of it being greatest at the equator is immediately rcfcTablo to the 
diurnal rotation of our globe on its axis, thus generating a centrifugal force, which 
has determined tlie oblate spheroidal form of the earth. IVlaterfal bodies will be 
affected by this centrifugal force, cacUris parihusy directly as theft* attenuation, w^bence 
it follows that the atmosphere, being a gas, must he affected to an extreme degree. It 
will bo sufficiently evident, however, that the atmospfierc is only affected by the 
earth’s diurml rotation interi»cdiately, or by friction, the velocity of. motion imparted 
to it by the earth being less considerable than the velocity of the earth itself. We 
shall hereafter find, when wo come to trcjit of the trade winds, that these permanent 
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aerial currents are not altogether referable to atmospheric motion, but in some degree 
depend upon the diurnal motion of the earth. 

Determination of the Weight of a given Volume of Atmospheric -4 ir. -^Nothing can 
be more easy than the theoretical means of solying this problem ; and though certain 
practical difficulties do interpose, we had better, for the saAce of theoretical explanation, 
consider them absent. 

The case under consideration is general, not specific. The determination of the 
weight of a given volume of atmospheric air is accomplished similarly to the deter- 
mination of the weight of a given volume of any other gas ; nor does it differ in prin- 
ciple the process had recourse to when solids or fluids are concerned. 

If, to take the simplest practical case, witliout reference to cohesive state, it were 
desired to ascertain the weight of a given bulk of copper or brass — say one hundred 
cubic inches — the operator's first care would be to obtain a solid of copper or brass having 
these cubic dimensions, which having been obtained, no vessel for the purpose of 
weighing it in would be necessary. This is the simplest case of bulk-weighing which 
can occur ; nevertheless, a condition has to be regarded which the superficial observer 
migkjt forget, or perhaps not be aware of. The copper or brass alters its dimensions 
for every variation of temperature. If heated, it will expand ; if cooled, it will con- 
tract j so that, practically, under no two degrees of temperature has the mass of brass 
or copper the same size. Practically, so long as solids are concerned, these variations of 
■ size, dependent upon variations of temperature, are not of much consequence in ordinary 
operations of weighing. It is necessary, however, to estimate them for other reasons, and 
to tabulate these variations. We shall have occasion to refer to this tabulation hereafter. 

Let it now be assumed that the problem before us is to determine the weight of a 
given bulk of liquid — say water. In this case we must have recourse to some vessel 
of capacity for the purpose of holding the water to be weighed, and further elements 
of complexity, in addition to that of temperature, are introduced. Firstly, the vessel 
employed has its own laws of expansion and contraction; secondly, tho water, when 
poured into the vessel, will not have a perfectly flat surface ; so that, except the mouth 
of the vessel be small, an error of considerable magnitude will be imparted ; neither 
must it be too small, or the functions of capillary attraction w^ill come into play, and 
the water will present a higher level than properly belongs to it. 

The chief source of inaccuracy, however, which the operator meets with in operating 
upon solids and liquids, is that dependent on the variations in bulk referable to thermal 
increments and decrements ; any alteration due to variations in pressure being practi- 
cally ignored. So far as atmospheric pressure is concerned, which is the only kind of 
pressure we need take cognizance of as affecting our subject, it exercises so little influence 
on the dimensions of solids and liquids, that W'e may put it altogether out of considera- 
tion. Far di^erent, however, is it when gases &re concerned. Their attenuation and 
elasticity are such, that variations of atmospheric pressure exercise the most powerful 
influence over them ; so that the degree of atmospheric pressure, operating at the time 
of the experiment ts, at least, of equal consequence with the degree of temperature. 

We are now in a position to trace the theoretical steps necessary to be followed in 
effecting the weight of a given volume of any gas. 

Necessarily, as in the previous cose, a vessel of capacity is required ; but, inasmuch 
as a gas does not admit of being poured into the vessel like water, some practical expe- 
dient for accomplishing this must be devised. Wo had better omit all consideration of 
^this for the present, and assume that tho vessel (which will be a globe or flask having a 
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neck witk stop-oock attached) already filled with the gas to be weighed, at a definite 
temperature and definite pressure. This accomplished, the operator has only to weigh 
his flask full of gas, deduct the weight of the flask from the total weight of flask and 
gas, and the result is gained. Practically, however, many points have to be considered. 

The Om must he pure. — ^Whether gas, or liquid, or solid, any body, the weight o^ 
which wo desire to know, iiust be pure ; but this precaution applies in the highest 
degree to gases. 

The OoM must be either dry or its amount of moisture must be definite. ---The property 
which gases have of taking up Viq>ours, especially aqueous vapour, is well known ; and 
it will readily be seen that to the extent of tlie presence of such vapour will the 
weight of a given bulk of gas and vapour mixed fluctuate. One of two processes has 
now to be followed : either the gns must be artificially dried by exposure to one of the 
hygroscopic bodies used by chemists for that purpose ; or, it must be saturated with 
moisture to the fullest capacity at some given temperature. 

The further steps of the calculation are based upon a consideration of the ratio 
between the specific gravity of steam or vapour, and tlic specific gravity of dry gas ; 
and, lastly, the amount of vapour which a gas absorbs at a definite temperature. 
According to Gay Lussac, the ratio between the specific gravity of aqueoua vapouf And 
air under similar conditions of temperature and pressure is 
0'62Q ssr vapour 

1 =s= atmospheric air' 

The amount of aqueous vapour which an unit volume of gas can absorb at given 
temperatures, has been ascertained and tabulated. 

Applying this knowledge to practice, let us assume that 100 cubic inches of moist 
air, at 60” Fah. and 30 inches barometer, vreigh 31 grains, it is required to know how 
much 100 cubic inches of dry air would weigh. 

We begin by turning to a table indicating the quantity of vapour present in a gas i 
saturated with vapour at any given temperature. Dalton’s table gives this quantity | 
for 60’ Fah. as 0*524. We next perform the following calculation — 

30 : 0*524 : : 100 : 1'747 =the volume of vapour in 100 cubic inches of moist 
air at 60’ Fah. 

And as 100 cubic inches of aqueous vapour weigh 19 grains, 1*747 cubic inches weigh 
0’3368th of a grain. 

Weight of 100 cubic inches of moist air . , 31 

Deduct 0*3368 

30*6632 

Therefore the weight of 100 — 1*747 = 98-253 cubic inches of dry air = 30*6632 
grains, and 98*253 : 30 6632 ; : 100 : 31*214 grains. 

Whence it follows, according to the foregoing calculation, that the weight of ^00 
cubic inches of dry aft* at 30 inches barometer and 60” Fah. is 31*214 grains. 

Sueh, then, are the practical operations by which the weight of a known volume of 
gas is determined. I have chosen atmospheric air as the sul)ject*of illustration, but the 
processes are identical whatever the gas may be. 

Although the result of the calculation just effected givel 31*214 grains as the weight 
of lOOLcubic inches of atmosplfcrio air at 30 inches baronietOT and 60’ Fah., and although 
the number may be accepted for all purposes of meteorologic calculation, novertheloss it 
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must not be viewed in an implicit sense. In point of fact, the exact weight of atmos- 
pheric air is not yet made out. Probably the determinations of MM. Dumas and Bous- 
singault are most reliable. According to their experiments 1 litre or 61*02791 cubic 
inches of air at 0'^ centigrade and 0*76 metres barometer weigh 20*065 grains ; whence it 
follows that 100 cubic inches, under the same conditions, must weigh 31*093 grains at 
GO" Fab. 

Barometric Pressure at the time of Experiment must he an Element of the Calculation.-^ 
I A consideration uf the laws of pressure, as influencing the volume of gases and vapours, 

I will have made the student aware that due allowance requires to bo made for variations 
referable to this cauBe4 Now we are acquainted with amount of expansion and con- 
traction dependent on variations of pressure. This information is conveyed by a study 
of the law oi Marriotte, which proves that a rule of proportion will furnish the informa- 
tion required. Thu^, for example, suppose we have 100 measures of any gas at a 
pressure of 29 inches of the mercurial barometric column, and it is required to ascer- 
tain what volume the gas will All at 30 inches of the same — this being the normal 
pressure to which all calculations as to the volume of gases are reduccd^then we say 
-AsSO : 29 :: 100 : 96*66 

In other words, the 100 volumes of gas under those conditions would contract into 
96*66. 

Temperature must he an Element of ike Calculation, — When it is considered to what 
extent gases and vapour suffer expansion and contraction by variations of temperature, 
the necessity of this calculation will be obvious. 1 have already explained the ratio of 
thermal expansion to which gases and vapours are subjected by variations of tem- 
perature. Practically^ we have seen at page 4C6 that this ratio may be considered 
identical for all of this class of bodies, and to be equal to their bulk at 

32" Fah. and 30 inches barometer for every degree of temperature between 32" Fah. and 
212’ Fah. Let us now apply this information to practice. 

If the temperature of the gas be above 32" Fah., multiply its total volume by 491, 
and divide the product by 491 plus the number of degrees that the temperature of 
the gas exceeds 32" Fah. The numeral result of this operation gives us the correct 
volume the gas in question would occupy at 32" Fah. 

For example, we have 100 cubic inches of gas at 50" Fan. ; it is required to know 
j what volume this gas would occupy if raised to 60" Fah. ; thus 

I ~ volume at 32” Fah. 

! 491 “t" lo 

And 96*46 -j- — — = 101*56 =1 the volume at 60. 

I 491 

Becapitulaiion and deductions. — It appears, then, that the operation of weighing a 
, gas demands in all cases that due allowance should be made for variations of heat and 
I of pressiire ; and if the gas be charged with vapour, due allowance has to be made for 
, moisture also. 

I The Thermoqieter, — In the course of our preceding investigations relative to 
the atmosphere, we havf seen that temperature is an important element. Not only are 
the chemical functions of the atmosphere intimately related with temperature, hut with- 
out being able to take cognizq^ce of the expansion produced by increments of heat, the 
j moteorologic observer is unable to comprehend some of the most ordinary physical con- 
j ditions of the atmosphere. Wo have already seen that fhe general effect of hefet, as 
j regards alteration of dimensions, is expansion. If the amount of fin’s rxnaneion be 
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dotermined for any particular range between fixed points, and the linear extension or space 
thus intercepted be divided into smaller spaces, each of these becomes a representative of 
heat or temperature. Supposing we assume the temperature at which water freezes 
to bo our starting point or first limit, and the temperature at which water boils to be 
our other limit ; and supposing, furthermore, we assume the space between the two to 
be divided into any given dumber of parts—say for example 180— then we may de- 
scribe any third body the temperature of which is between the temperature of freezing 
^ and the temperature of boiling, to bo one, two, or any number of parts above the former or 
below the latter. Thus, by applying these principles, wo should have constituted the 
thermometer or heat-measurer. If the rate of expansion of any one body for given incre- 
ments of temperature were regular and well determined, there would be no theoretical 
difficulties in the way of making a thermometer ; practical difficulties there would be, 
but the hypothetical part of the task would be sufficieftitly easy. It so happens, hoarever, 
that the number of expansive agents capable of employment for this purpose is limited. 

The earliest thermometer was that of Sanctorini. Its construction is represented in 
the annexed diagram. A glass stem, open at one extremity, is terminated at the other 
by a bulb (Fig. 20). Into the bulb and a portion of the tube is 
poured a coloured fiuid, which being done the stem is inverted 
into the lower vessel. By virtue of the ordinary laws of hydro- 
statics, the level of the fluid in the stem will remain constant 
for every constant temperature ; but inasmuch as every incre- 
ment of heat will cause the air contained in the bulb to ex- 
jiand, so will it necessarily cause the c 9 ioured fluid — which latter 
merely serves os an index — to descend in such manner that were 
the ratios of successive equal linear measures of descent equal, 
the instrument would be a no less delicate measurer of varia- 
tions of temperature than it is a delicate indicator of the same. 

For certain reasons, now to be described, it is not a delicate 
hcat-mcasurer. Its successive lineal columnar measurements 
arc not comparable among themselves ; whence it follows that 
the instrument is not a thermometer or heat-moasurer, but a 
thermoscope or heat-indicator. 

{ Concerning the reasons wherefore the instrument just de- 
; scribed is not a perfect instrument, they readily admit of being 
! made evidci t. They are immediately referable to the fact that 
I the coloured fluid, which, according to the necessities of the ex- 
periments should bo dynamically passive, is really active. Its 
activity, moreover, is a variable quantity. If the coloured 
fluid were merely an index having no dynamical power of its 
own, then the total increments of expansion and contraction of 
the air contained in the bulb and part of the stem, would be 
proportionate to the* increments of heat and cold within so small a deficit of the truth 
(see page 458) that the error need not enter into calculation ; hutT examination of the 
sti'ucture of the instrument will show wherefore this cannot Se so. ActualljfihiG total 
expansion of the air in the bulb is the resultant of two forces— the force of aerial elasticity 
due to heat, and the force of pressure or downward tendency of the columnar liquid.. 
Inasmuch, therefore, as the* columnar height of the liquid in question varies for every 
temperature ; and inasmuch, moreover, as the rising and falling of the liquid in the reser- 
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yoir or lower receiving veesel also confuseg the result, the reason will be auffiuientlj 
evident wherefore <he heat^determining instrument of Sanotorini is not a correct 
measurer of temperature. 

Tlie JDiffermtiixl Thermometer ^ — Although various forms, of air-thermometers are 
ocoasionally used in conducting certain specific experiments, their use is rare. Almost 
the only form of air-thermometer in frequent use is the difierential thermometer, an 
instrument the function of which is to determine the difference between the temperature 
of any two adjacent bodies, or of the adjacent parts of any one body, without informing 
the observer concerning the actual temperature of either. 

The differential thermometer is represented by the accompanying diagram (Fig 21). 

It consists of a glass tube having a bulbular expansion 
at each extremity, and joined by a stem bent on itself 
twice at right angles, so that the two bulbs look up- 
wards. During the process of manufacturing this 
instrument, whilst one of the bulbs was yet unclosed, 
liquid was poured into the instrument just enough in 
quantity to reach a little way up the vertical part of 
the stems ; each of these vertical parts were now sup- 
plied with a bcale-division of equal lengths or degrees. 
Looking at this instrument, the observer will readily 
see that, supposing the tension or expansive force of 
the atmosphere in each bulb to be equal, the index 
ff uid in the stem w'ill stand at precisely the same eleva- 
tion in both vertical stems ; but supposing the air in 
one bulb to become heated to a higher degree than the 
air in the other ; supposing, in other words, its expan- 
sion to be greater, the corresponding columnar height 
will be diminished, and necessarily the opposite columnar 
height will be raised. Hence the difference between the two columnar heights will be that 
of the temperature of the two bulbs expressed in equal parts of columnar measurement. 

Thermometer Ucalee, and Ordinary Hiermometei e . — The liquids ordinarily employed 
in the manufacture of ihcrmometers are mercury and alcohol. The former is preferred 
to all others, when its use is practicable, on account of the comparatively equal expan- 
sion to which it is subject for equal grades of temperature. In the manufacture of 
thermometers, however, intended to be employed for the measurement of temperatures 
below the freezing point of mercury, that fluid is necessarily inapplicable. Spirit, or 
alcohol, has never been frozen by the most intense cold yet produced, therefore it is 
substituted for mercury on such occasions. I shall now proceed to detail the successive 
steps in the manufacture and graduation of thermometers. 

Under the head of Barometer the inconvenience was pointed out of using a glass 
tube of small diameter, because of the interference resulting from the expansion and 
contraction of mercury by heat. Now that which is a cause of embarrassment in the 
barometer, is the function on which the action of the thermometer depends. It follows, 
therefore, that in proportion as the bore of a thermometer tube is more small, so is the 
resulting instruments more delicate, because greater linear increments of expansion 
will be generated for given amounts of temperature. Necessarily, however, it happens 
in practice that if the diameter of the tube and the diameter of the mercurial column 
contained in the tube be smaller than certain limits, it is difficult to be scon. It is 
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hardly necessary to indicate, moreover, that the length of linear expansion may be 
increased to any given limit by increasing the dimensions of the corresponding bulb, 
or mercurial reservoir. Practice alone can determine the proper relation which should 
subsist between the boTe/)f a thermometer tube and its corresponding bulb. 

The following directions for the manufacture of a thermometer are not intended to 
cause the meteorological sthdent to usurp the functions of the mathematical instru- 
ment-maker ; on the contrary, they are intended to make known to him the defects 
which he should look for in a thermometer, and which, if discovered, should eause 
the thermometer to be rejected. 

TAd iubt must ht tquol in bore throughout . — If the bore or diameter of a thermometer 
tube be not equal throughout, it is evident that the amount of linear e^^ansion cannot 
be equal, and that the instrumemt will be absolutely worthless. A very easy means of 
guaging this equality is the following .‘^-Having selected a piece of thermometer tube 
open at both ends, tir on to one cxtrehiity a rigid bottle of india-rubber, and dip the 

other end in mer- 
cury, thus (Fig. 

Pressing tho 
bottle, a portion of 
' Bt ^be atmospheric air 

will be expelled ; 
then allowing the 
ft bottle to expand, 

ft some mercuiy w ill 

ft enter, forming a 

III mercurial column, 

HI the length of which 

H admits of being 

ft measured. Let it 

1 ft he measured by 

I ft ' means of a pair of 

I III compasses ; then 

mercury bo 
^ driven to various 
parts of the tube, 
measure- 
ments repeated. If Fig. 23. 

tlie tube be of equal bore throughout, the mercurial column will necessarily he of equal 
length throughout : this is evident. If the tube stand this test, it may be considered 
good. Instead of the india-rubber bottle the breath might he employed, but it would 
he attended wdth the disadvantage of moistening the tube. However, it is possible to 
use the breath without projudlee, if the operator take the precaution of blowing through 
some material absorptive of moisture. The next step in the manufacture of a thermo- 
meter consists in fusing one end of the tube, and blowing it info a bulb ; this, again, 
should be effected by means of the caoutdiouo bottle, Icstf moisture be introduced. 
Mercury has now to be introduced, which is accomplished as follows : — 

The thermometer tube having been bent as represented (Fig. 23), its open extremity 
is immersed in a vessel 8f mercury. Heat being now applied to the bulb, the air 
therein contained is expanded, and the heat being removed a partial vacuum results, 
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to fill which mercury rushes in. By repeating the operation, the mercury already 
contained in the bulb is Tapourized, and the vapour expanding drives out all the 
remaining atmospheric air, so that on the removal of heat the whole-^tube, bulb, stem 
and all — becomes filled with mercury. The bent part of the tube is now broken off, and 
the final quantity of mercury duly apportioned to the tube. The amount of this 
apportionment can be only determined by practice ; but, in general terms, it may be 
described as being such a quantity that, at the boiling point of mercury, it shall nearly 
extend to the extremity of the lube. 

The next process is one of extreme delicacy. It has for its object the sealing or 
melting the open extremity of the thermometer tube, without admitting the slightest 
portion of atuJbspheric air, the presence of which would materially interfere with the 
delicacy of the instiumcnt. The operation is conducted as follows : — The open end of 
the tube having been melted in tlftj blow-pipe fiame, is drawn out to a fine termination, 
thereby diminishing still further the internal bore of the tube, and rendering the final 

occlusion of its orifice more easy. 
The mercury in the bulb is now 
heated once more, and at the 
very instant when it is seen to 
fill the tube and to be in the 
act of overflowing the capillary 
extremity, the tube is closed by 
the fine jot of blow-pipe flame b 
(Fig. 24). It only now remains 
to graduate the tbermometcr. 
Graduation . — The instrument 
just described is, in its present condition, a Ihcimoscope, or indicator of heat ; but it is 
by no means a heat-measurer — to convert it into which it requires to ho graduated 
into a determinate number of equal pit’s. These parts arc usually called degiecs; but 
it must be rtmembered that the so-called degrees have no ratio whatc\er to any parti- 
cular unit. They are not like the degrees on the circumference of a circle, each one of 
which is related to the trigonometrical ratio, or the ratio of the circumference to the 
diameter, Thcrmometric degiees arc altogether arbitrary, except in so much as certain 
usages in this respect obtain. This much is, however, invariable and universal — the 
divisional parts or degrees must be eslablisbed between certain limits fixed by nature. 
The limits usually imported into the manufacture of theimomctcrs are the boiling and 
the freezing of water, which phenomena always, under similar conditions, take place at 
similar respective temperatures. Founded on the bases of these limits three principal 
scales of graduation have been devised. They are the centigrade scale, or scale of Celsius, 
Iho scale of Beaumur, and the scale ot Fahrenheit. The lutter is mostly used in this 
country ; the former is chiefly adopted on the Continent. 

Let us commence our illustrations with the centigrade scale, as being most easy. 
The term centigrade ^i^ems to be significant of a hundred divisions. In point of fact, 
the centigrade scale has for its 0, or zero, the temperature at which water freezes, and 
for its 100 the temperature at which water boils ; the intermediate space being divided into 
100 equal parts. And if it be desired to carry the graduations above or below the guage 
limits, this is accomplished by measuring off equal parts by means of a pair of compasses. 

Beaumur’s scale has also its zero point at the elevation of mercurial column coires- 
ponding with the freezing point of w'ater, but at the other extremity of its scale the 
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boiling point of water is considered to indicate 80 ; hence the intermediate space is 
di7ided into 80 equal parts. The appended diagram (Fig. 25) will render evident the 
peculiarities of the ordinarily employed thermometric scales. 

Conversion of One System of Graduatiofi to Another. — This conversion of thermo- 
metric scales is frequently^ necessary. The rules for effecting the conversion are 
evident on reflection ; nevertheless it is well to reduce these rules to general formulee. 
If all these scales counted their zero from the same point, the method of converting 
one scheme of graduation into another would be still easier than wo find it. Actually, 
some little confusion at first !1] Ifl 

arises from the circumstance tliat j | 

Fahrenheit’s zero is placed not (l 

at, but below the freezing point Water boils . . - . ^ 2 /J" 1^00“ 

of water. * y I 

Conversion of Fahrenheit to J| 

Cintigrade Degrees. — The propo- j I 

sition is evident that one Fah- j | 

renheit degree is equal to five- water freezes . . . IL 

ninths of a centigrade degree, Cold produced by mis- I I j 

inasmuch as the number of ture of ice and salt • ^ ft. 

Fahrenheit degrees between the ^ ^ ^ 

freezing and the boiling point 26. 

16 to the number of centigrade degrees for the same space as unity to five-ninths, atf 
is seen to bo established by the following proportion — 

F. C. F. C. 

(212 — 32) = 180 : 100 : . 1 ; =r ^ ; 

wlicnce it appears that we may convert Fahrenheit degrees into their centigrade 
equivalents by first subtracting 32®, which leaves 180 ; then multiplying this number 
by five, aud dividing by nine, as in the following proportion : — 

212-32='?^^® = »«® = 100. 

Conversion of Centigrade to Fahrenheit Degrees . — Inasmuch as each centigrade degree 
is longer than a degree of Fahrenheit in the ratio of f to one, tlierefore the former 
may he reduced to the latter by multiplying by nine, dividing by five, and adding 
Ihirty-tM’o. The truth of this operation may be readily demonstrated by working on 
the number ^00, which should give, if the rule just enumerated be correct, 212 ; — 

^ = 180 + 32 = 212° P. 

The examples just given illustrate the process of calculation when positive degrees 
or degi'ees above zero, thus (-f-), are concerned. ^Exactly the same rule has to be followed 
when negative degrees ( — ) are in question, although the rule, when stated in common 
terms, appears to be different, inasmuch as following the diction of arithmetic the 
operator must he *told to subtract 32. An example will render this more evident. 
Suppose we require to represent 5° below zero, or — 5° of C.^ by its equivalent F. 
Now the number 32, with 9 subtracted, gives 23® for remainder. Viewing all the 
steps of the calculation involved algebraically, it will be found that the rule of adding 
32 has been implicitly followed; a negative 5 however/— 6) yields in the following 
operation a negative 9 (— which, being added to 4“ 82, is equivalent to subtracting 
a positive 9 (-f 9). For example— 
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= ^« = -9 + 32 = + 23 . 

0 o 

The TariouB steps i€or the reduction of one system of thermometric degrees to 
another, are comprehended in the appended formul® : — 

32 X' 5 

Fahrenheit to Centigrade, - ’ ^ = C. 

C X 9 

Centigrade to Fahrenheit, 1- 32 = F. 


Fahrenheit to Reaumur, 
Reaumur to Fahrenheit, 


F. — 32 X 4 __ jj. 


9 


R. X 9 


-f 32 = F. 


The Register Thermometer. — ^Tho greatest difficulty attendant upon the use of the 
thermometer for meteorologic observations, is referable to the necessity of frequent 
examination. To obviate in some measure the necessity for 
this, the instrument called the Register Tkermonxeter hos been 
devised — an instrument which depends for its action on the 
traversing of two steel bars in the bore of the tube, each 
pressed forward by the expansion of a liquid column. An 
instrument of this kind is represented in Fig. 26. The 
» register thermometer is accurate enough in its indications for 
some rough purposes, but it is by no means adapted to supers 
sede the use of thermometers of ordinary construction. 

The Thermometer of Rregufi.—A very delicate thermo- 
meter has been invented by M. Breguet. It differs from all 
which I have hitherto described, in the fact of its dispensing 
altogether with mercury, or other expansive liquid, and 
utilizing the expansion or uncoiling of a compound metallic 
bar. 

The illustration of the different rates of expansion by 
heat of two different metals (for instance, iion and brass) 


a/ 


Fig. 27. 

is often made by the following contrivance « (Fig. 27) is a 
compound bar of this kind, perfectly straight when cold ; but 

if tills same bar be 
heated, it becomes 
curved, as repro 
sented by Fig. 28. 

Breguet’ B ther- 
mometer is merely 
an ampliffcation 
of the preceding 

experiment ; instead of a straight compound bar, a compound 
bar twisted into the spiral form is employed. One end'of » 

the spiral is fixed, the other end is free, and is attached to an index. The mode of 



Fig. 28. 


Fig. 2G. 
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acdon of the instrument will be obvious. Variations of temperature producing varia* 
tions of curve, will cause the spiral to unfold, or contract, according as the taria-^ 
tions are towards the direction of increased heat or increased cold. The metals 
employed in making the spiral of Brcgnot’s thermometers are platinum, gold, and 
silver. Experiment has demonstrated that the needle of this instrument trarels over 


Fig. 29. Fig. SO. 

equal arcs for equal increments of temperature ; hence Breguet’s thdrmometer is 
not only comparable with itself, but with all other instruments on the same construc- 
tion. XJn fortunately this delicate instrument has no great range of application, its* 
indications being limited between the freezing and the boiling points of water (Fig. 29). 

T/ie Ther.noscope of Nobili . — By far the most delicate indicator of minute 
increments and decrements of temperature is an instrument founded on principles 
totally different to any already described. The electrical thermoscope of Nobili admits 



of being thus described 5 Tio action of the instrument is based upon the fundamental 
fact of electro-magnetism, viz., that a magnetic needle, freely suspended and placed in 
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the vicinity of an electric current, finally arranges itself at right angles to that 
current. Hence the deflection of a magnetic needle becomes indicative of the existence 
of such current. Founded on the consideration of this fact, we have the instrument 
termed the galvanometer, which, in its simplest form, is represented by Fig. 30 ; and a 
still more delicate construction of which is represented in the woodcut on the previous 
page (Fig. 31). 

It remains now to remark that heat is a fruitful source of electricity, especially 

A when heat is applied to one end of a mechanical 

A A A A arrangement of alternate bars of two metals, such 

//\\ /A\ /A\ /\\ ^ bismuth and antimony, as represented in the 

/ ' \ // \\ // W A W diagram (Fig. 32) . 

//■ \Y/ \W Vr \\ In order to render the combination of metallic 

(4^6 r.yi li uy .6 cfV bars more compact, they arc usually arranged in 

— ^ a bundle ns represented below (Fig. 33). 

Piff. 32. Very few words will now render compre- 

hensible to the reader the structure and functions of the thcrmoscope of Nobili. A 
bundle of bismuth and antimony redu- ^ 

plications, as just described, being ^ — » in 

placed in communication wrh a gal- ] ] 1 ^ 

vanometer, the magnetic needle of the v, ,. / J \j ; , 

latter is ready to bo deflected on the 
lirst occutrence of an electric current, 

and such electric current is a direct consequence of the application of heat to one 

extremity of the system of compoun*! 
metallic bars. The annexed diagram 
r'l !;l j. I ' I n 34) represents the thermoscopc of 

Kobili, as employed to indicate small 
I' \ S'^1! 1\ h [ || I I increments of radiant heat evolved from 

I I ! little lamp on the left, and tranr- 

— I ! I j — \ mitted through the central diaphragm. 

. W Comiderations lUspecting the Vse of 

\ Thermometer a , — Much that is incorrect 

-—L-.- - —- . — passes current respecting the functions of 

^ the thermometer— the accuracy to which 

^ it is susceptible, and the spontaneous de- 

teriorations to which the instrument is subject. A few words, therefore, on tliese 
matters may be advisable. 

Let us assume the thermometer under consider;. tion to be a mercurial thermometer ; 
let us assume that the mercury used was absolutely pure, that the tube was proved to 
be of equal bore throughout, that the process of scaling was accomplished without 
permitting the ingress of the slightest amount of atmospheric air; let us, finally, 
assume that the tube has been accurately graduated '-such an mstrument may he 
regarded as free from*oll errors of construction. 

Neverlhelesp, it is fiflind that a thermometer thus unexceptionable at first is liable 
to deteriorate by time, the guage points— i.e., 32" and 21 2'* — corresponding with higher 
portions of the tube than they should do, and necessarily, all other degrees. Most 
probably this result is referable to a gradual contraction of ^he sides of the tube anJ of 
the bulb, the contraction being determined by continuous atmospheric pressure. 
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Looking at this contraction, the propriety is suggeflled of retaining thermometer tubes 
filled some time previous to graduation. 

The Kind of Seat indicated hy Thermomeia's , — The term heat is commonly held to 
be synonymous with temj^erature ; but philosophy accepts it in a more extended sense, 
as comprehending not merely one effect (temperature), but the cause of many effects. 

The philosophy of latent ahd specific heat is almost too purely physical for extended 
examination here ; hence a slight reference to these conditions will suffice. The ther- 
mometer is not adapted to take cognizance of heat in this latent or specific form. It 
is only indicative of evident heat or temperature ; nor are its indications in this narrow 
field so complete, nor the information it conveys so extensive, as is frequently supposed. 

The thermometer does not even profess to indicate the quantity of calorific heat, but 
only its degree ; terms which are totally distinct, as will soon be perceived. Let us 
take the following as an illustration of the differenfie : — A pint of boiling water is as 
hot as a quart of boiling water, the temperature of both being 212® Fah. ; hence the 
thermometer, if appealed to, will indicate this identity of temperature. But, necps- 
sarily, a quart of boiling water must contain twice as much calorific heat as a pint of • 
the same : the deduction is too obvious for comment. 

Again, strictly speaking, the thermomi'ter cannot be said to present us With the 
correct temperature of anything, inasmuch as the degree of columnar expansion is not 
the degree corresponding with that of the thing with which the barometer is brought j 
into contact, but the mean of the thing touched, and the bulb which touches it. Thi» 1 • 

objection attains its minimum when the atmosphere itself is the medium, the tempera- * 
ture of which we desire to investigate ; but it becomes of practical importance in al 
other cases, and its consideration teaches the thermometric observer the necessity for 
employing instruments the bulbs of which are as small as compatible with well- 
marked amounts of columnar expansion. This remark especially applies to cases in 
which the bulk of liquid or solid operated upon is small. As concerns the graduation 
of thermometers, the most correct instruments are those of which the graduations are 
effected on the tuba of the glass itself. If the graduation bo made on a scale of brass, 
the resulting indications -will bo very incorrect, except the relative expansibility of 
brass and glass be taken into consideration, and duly allowed for ; this, however, is so 
troublesome that it will be too frequently evaded, and en-ors will creep in. Far better 
than brass is box-wood ; and slate and ivory are better still. 

Corresp^mdence betiveen Thermometer's. — Scarcely any two thermometers exactly cor- 
respond, even tliough the same materials be employed in their construction, so nume- 
rous aie the points which require attention. Between thermometers constructed witli 
different materials, between air thermometers and mercurial thermometers, for in- 
stance, or cither of these, and spirit thern.omctCTS, the discrepancies are still more 
considerable. 

The experiments of M. Eegnaidt relative to the discrepancies subsisting betwe en 
mercurial and air thermometers are amongst the latest on this important subject. lie 
found that between 32° and 212° Fahrenheit, there is an aim os^ absolute coincidence 
between the degrees of the air and the mercurial thermometer. From 212° to 482® 
Fahrenheit, the mercurial and air thermometers remain pretty equal; but after the 
latter point the mercurial gains on the air thermometers^ 

Hitherto I have treated of the atmosphere, statically considered, in a condition 
of repose ; but perfect atm(ftphcric quiescence is nnknovni in natnre^it is always agi- 
tated more or less ; hence wo are led to thj consideration of atmospheric cuiTents or ivinds. 
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So variable are winds in these northern latitudes, that their incertitude has passed 
into a proverb ; primary atmospheric currents, nevertheless, are constant in their direc- 
tion, and are referable to variations of temperature simultaneously existing in different 
parts of the world. 

Heat in its non-latent condition, or, in other words, that condition of heat which is 
recognisable by the thermometer, has a tendency to equalize itself. Hence, if two 
bodies « and 6, of which « is hotter than 4, be situated in proximity to each other, there 
is an immediate tendency to equalization of temperature as between the two ; but the 
thermal conditions which regulate the production of winds will be most readily appre- 
ciated by reflecting on what takes place when a heated solid is suspended in the atmos- 
phere by a small chain or wire ; we shall find, on investigation, 
that a heated solid thus circumstanced gradually becomes cool 
by the operation of three distributive influences ^conductions 
radiation^ and convection. 

Conduction , — If the chain by which the heated cannon-ball is 
represented to be suspended in the annexed diagram (Fig. 35), 
be examined from time to time by the thermomett^r, or even by the 
fingers, it will be found to increase in heat evidently because it 
removes a portion of temperature from the heated cannon-ball by 
conducting it away. This function of heat is so well understood 
and so commonly exemplified, that no further consideration of it 
Fig. 35, be necessary here, 

Radiation , — If a thermometer be held even at the distance of some feet from the 
heated cannon-ball, tl>e mcrctirial column will be sensibly affected, thus demonstrating 
the transmission of heat. But how transmitted ? By contact with the atmosphere } 
Clearly not, inasmuch as the result just indicated still occurs if the cannon-ball be 
placed in the vacuum of an air-pump. By experiment it has been dehirmined that 
the temperature, iu the case under consideration, has been given off in the condition 
of rays, precisely us light is evolved, and. hence the propriety of the.term radiant heat. 

Connection — Independently of the two processes of heat-distribution already described, 
there is yet a third, Ileferring to the suspended hot cannon-ball, we shall find that, if sus- 
pended in a room from the ceiling, the air near the ceiling becomes hotter than the air 
below : hence a portion of the temperature of the hot cannon-ball must have become 
accumulated there, by reason of some cause besides those of conduction and radiation, 
both of which distribute the temperature equally in all directions, through a homogeneous 
medium — such as the atmosphere for example, in our assumed experiment. The pro- 
cess of heat-distribution known as oonveccion, is the necessary result of the expansion 
of liquids and fluids by heat; for when expanded they are ^ecjifioally lighter; and, 
when specifically lighter, they must necessarily ascend. It is by virtue of the pro- 
cess of heat-distribution, termed convection, that the child'^s soap -blown bubbles ascend 
instead of at once foiling .to the surface of the earth. 

Temperature and^pressure being equal, breath evolved from the lungs is heavier 
than atmospheric air, ^cause it holds more carbonic acid. Nevertheless, inasmuch as 
it is evolved from the lungs hotter than the surrounding atmosphere, soap-bubbles 
blown with it ascend. Presently, however, they descend, because the heat acquired 
from the lungs being evolved, and equalization of temperature with that of the 
surrounding atmosphere having ensued, the great specific^ gravity of the gas where- 
with the bubble is blown causes the latter to sink to the surface of the earth. 
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I It is to th« process of heat oonTeji^tion, that we owe the salntarf draughts in our 
chimneTii and also unsalutaiy draught in our i^;»artments. No sooner is fuel lighted 
in a fire-place^ than the superincumhent air becomes higher and speoificallF lights; it 
therefore ascends, and cold jur rushes in to fill its place. Thus we hare, in point of fact, 
a local wiud ; and the causes which determine that wind are exactly comparable to the 
causes of winds which take*placein the grand economy of nature, as will soon be 
rendered manifest. 

The Tmde Winds. — Applying the facts just developed, let us now regard the 
surface of our globe in the aggregate, with reference to the localities of maximum^d 
minimum temperature, and the consequence of such difference of temperature in origi- 
nating an aerial current. It is evident that the hottest portions of our globe’s surface 
are comprehended ^ithin the tropics, and the coldest portions are the arctic regions — 
north and south. * 

Theso circumstances being premised, we are now in a condition to anticipate the 
direction of the aerial currents or winds which must necessarily ensue. Firstly, an 
ordinary current of heated air should rise aloft in the tropical regions, then diverge 
and pass north and south to either arctic circle, thus constituting what may be termed 
the upper trade current. This current, as it proceeds north and south, gradually 
becomes cold, in which condition it is^endcred specifically heavier, falls to.the surface 
of the earth, and floats along towards the equator, thus generating two principal 
currents — one north, the other south. "Whilst yet in the frigid and tlie temperate zones 
these primary currents encounter so many interferences that their primary or funda- 
mental direction is masked or veiled ;« but still proceeding north and south, the per- 
sistent directive tendency of the trade winds is at length developed. But the currents 
no longer flow directly north and south. By the operation of a cause which will 
presently bo rendered evident, the directive tendency of either current has acquired a 
certain impulse towards the west ; or, in other words, both currents come more or less 
from the cast. But at length they blow almost from due cast, and finally cease 
altogether; so that the equator, and a certain space north and south of the equator, ore 
comprehended within what is termed the region of calms. The north trade wind 
meeting the south trade wind, they are mutually destructive of each other. Two con- 
flicting aerial forces by mutual impact come to rest, just as two billiard balls, each 
rolliug gently from an opposite point, become quiescent. 

No part of the earth’s surface, however, is subject to such capricious and such 
violent tempe^^ts as the so-called region of calms. This is a result which theory 
would lead us to suspect. The cause has now to be explained wherefore the trade 
winds do not blow directly north and south. If our globe were at rest, or if its ouly 
motion were motion in its orbit, such would be the result; but it revolves on its 
axis also from west to east, and this circumstance fully explains the deviation from 
northness and southness of the trade winds. If the lower or returning aerial current 
which constitutes the trade winds ceased to exist altogether, tbenfour globe’s diurnal 
rotation would generate a current in the apparent direction of east to west. I say 
apparent direction^ because, in point of fact, we may regard tlie ^atmosphere under 
these circumstances as being tranquil or passive, and our glfibe revolving in the 
midst of it, in the direction of west to cast. Inasmuch as the force representing this 
apparent east wind, and the force representing the north ancf south atmospheric currenta, 
flowing towards the equator fram either pole, are simultaneously operating, there occurs 
a resultant, which is the trade wind. The appended diagram (Fig. 36) roughly illus- 
■■ — — ■■■ a, 


METEOROLOGY.— No. il. 




482 


LAND AND fi^A 


trates the points 'wiiich have been described. Towards the extreme north and extreme 
south the great aerial currents, ultimateljr destined to become the trade wui4s> are 
represented fluctuating andTexiable; gradually, however, they acquire a northern and a 

«ndihern directive tei^dency respectively; lastly, 
they tpome from the point of almost due east, and 
then cease altogether. 

A consideration of the influences which de- 
termine trade winds leads to a facile explana- | 
tion of many aerial currents of less extent. I'he | 
heating influence referable to the geographical ; 
position of the tropics is not the only influence 
of this kind. A peculiar condition of the earth’s 
surface, taken conjointly with a favourable 
condition of the sun’s rays, may bring about 
similar results. In this manner the Mediterra- i 
nean ctesian winds, or aerial currents from the | 
north, may be accounted for. Looking at the 
geographical condition of localities south of the 
Great Desert, a region whose surface is strewed 
with masses of pebbles and sand, and almost totally devoid of vegetation. Such a 
surface must necessarily become elevated by the solar rays to a high temperature, an 
atmospheric column must ascend, travel to the noitli, then full, and at length return 
from the north to the Sahara, whence it came. 

Xiand and Sea Bxeezes.— Many countries near the sea are subjected to winds of 
diurnal periodicity, known as land and sea breezes. About eight or nine a.m., an 
aerial current begins to flow from the sea towards the land, and persists until about 
three pm., when a current in the reverse direction, or from the land ^wards.ithe eca, 
takes its place, and continues throughout the night until sunrise next morning, whf ii 
it ceases, and a calm ensues until the completion of a period of twenty-four houi*s from 
the occurrence of the prece ding land breeze. These currents, in reverst* directions, can 
be easily accounted for wlicn we consider the heating agency of the sun. Necessarily 
land becomes hotter than water under an equal power of luminous rays ; whence it 
follows, that tlie surface of the ground becoming heated after sunrise, determines the 
ascent of an atmospheric current vertically ; ihencc, proceeding oceanward, the same 
current returns from the sea to the land. No sooner does the sun set, than this current 
is reversed. 

In the preceding explanations of the cause of winds as being referable to inequali- 
ties of temperature, it will bt observed that reference has alone been made to the 
caloriflc eflects of the sun’s rays. This is, in point of fact, the only source of heat ^ 
which has to be taken cognizance of in meteoric considerations ; for, although the 
earth’s own temperature gradually increases as we pierce downwards below the sur- , 
face, so imperfect are the conducting powers of the materials of which the emst of our 
planet is composed^ that all consideration of them may be safely omitted in accounting 
for the present phcnoifiena. 

Process of Aevexse Atmosphexio Ciurrsnts. — Although the existence of 
atmospheric currents proceeding in a direction reverse to those we meet with on the 
earth's surface is forced nipon the mind by inferential reasoning, and the fact must he 
accepted, even though no further evidence of it could he adduced, nevertheless direct 
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proofs are not wanting. The direction of upper layers of clouds afford their testixnbny 
to the truth of the opinion. Where the trade win& prevail, the higher strata of clendi 
may be seen taking a direction opposite |o that of the wind itself; and travellers, 
during their ascent of high mountains, hsVe frequently proved the existence of a 
superior wind pursuing a o^urse opposite to the wind below. This has been espe* 
cially obvious on the Peak of Teneriffe, a mountain situated in the b^t of the trade 
winds. Here, on the summit of this peak, it has been always found that a south-west 
wind prevails, whereas the trade wind at the base of the same mountain blows from the 
north-east. 

A similar remark has been made by travellers who have ascended Mona £ea, in 
Owyhee, the height of which is 18,000 feet. But perhaps the most striking illus- 
tration is the foUowiiqp : — The island of Barbadoes lies eastward of St. Vincent, and 
between the two the trade wind continually blows, and so forcibly that it is only with 
difficulty, and by making u long circuit, that a ship can sail between the latter and the 
former. Nevertheless, on one occasion, during an eruption at St. Vineent, dense clouds 
formed over Barbadoes, and large quantities of ashes fell on the island. A similar result 
was observed after an eruption of the volcano of Cosoguina, on the shores of the 
Pacific, in Guatemala, in Januar}*, 1835, some of the volcanic ashes falling in Jamaica, 
more than 800 miles in a direct line distant, and directly opposed to the prevailing 
lower cunent. At the same time another portion of ashes was carried westward, or 
in an opposite direction, falling on Her Majesty’s ship Conway," in the Pacific, 
more than 1200 mUcs distant. 

The trade 'winds arc, for the most part» only recognizable at sea ; the solid material 
of land developing local aerial currents of iboir own. The extent of prevalence of the 
trade wind is various. In the Atlantic it prevails from S'’ to 28“ or 30“, but in the 
Pacific only to 25'’ N. L. In the southern hemisphere, the extent of the trade wind 
has been loss accurately determined. "When first the phenomena of trade winds were 
noticed by Columbus and his associates, they caused the greatest consternation. 
Accustomed to the fluctuating and irregular breezes of Europe, they regarded the con- 
tinuance of a wind from the east as emblematic of their perpetual banishment from 
their native shores. The early Spanish navigators, however, very soon learned to 
appreciate the value of trade winds, by the aid of which treasure-laden galleons could, 
setting out from Acupuleo, manage to arrive at Manilla almost without changing a 
sail. * 

As respects the upper current proceeding from tho equator to either pole, it varies, 
as might be anticipated, in difi'erent localities. Travellers, who have ascended the Peak 
of Teneriffe, inform us that this upper current is found in that locality at an elevation 
of 9000 feet ; but Humboldt, during his explorations on the Andes, discovered the 
eastern trade wind to be blowing at an elevation of 8000 feet above the level of the 
sea. As the upper, or equatorial current loses its heat, its specific gravity becomes 
greater, and it sinks lj:>wcr and lower, no longer manifesting any well-marked directive 
tendency. « 

On the ocean, and between 30® and 40®, there is a prevalepco of westerly winds, 
especially in the sQuth^n hemisphere. In the Atlantic a similar tendency is manifest ; 
whence it follows, that the voyage from Europe to Americ|i occupies more time ^an a 
voyage in the reverse direction. It is dilKcult to say what may be regarded as the 
prevaHing wind in these islcs^probably, however, a south-western wind, as stated in 
the following table : — ^ 



484 


8TO&M8. 


Tahh B, 9 pmenting th9 SeMm of Winda in diffarent Oountriea for a Period of 

1000 daga. 


99 81 111 225 

140 84 76 117 192 

98 119 87 97 185 

98 100 129 92 





The direction of winds is found, taking the average of many years, to vary 
according to the season. In Europe south winds are more prevalent than any 
others during winter ; east winds belong more especially to the spring ; west and 
north winds to the summer, and towards October the wind usually veers round to the 
south. Usually the wind is more strong in February and March than at any other, 
and at all seasons the wind is usually strongest at noon. 

= Stonos. — Whenever the air, from any cause, is thrown into violent commotion, the 
result will be a storm. The philosophy of storms, notwithstanding the attention which 
has been devoted to the subject, is by no means well understood. In point of fact, the 
causes of storms are numerous and complex. If wc reflect on the agency of temperature 
on the air, one prevalent cause of storms will at least become manifest. If one portion 
of the atmosphere bo suddenly heated, violent commotion must arise — there must follow a 
storm . The laws of latent heat demonstrate that whenever water is suddenly condensed, 
the surrounding air must be raised in temperature ; and thus we have one of the most 
frequontlocal causes of storms. According to modem observations storms are, for the most 
part, circular whirlwinds progressing in a north-eastern direction from the south to the 
north of the tropic of Cancer. In proportion as a locality is devoid of mountains and near 
the sea, so is it more liable to bo subject to storms. Perhaps the most violent of all Euro- 
pean storms are those which occur in the south of Francs during the prevalence of the 
north-east wind termed mistral; but the most violent stbrtns occur in and near the 
tropics, and are termed tomadoesy trovadoesy hurricaneSy typhoonSy &c. Hurricanes are essen- 
tially tropical ; the West Indies suffer from them more than any other region. Hurricanes 
are of yearly occurrence in the W^est Indies, but the islands of Trinidad and Tobago, 
being protected by mountain elevations, usually escape them altogether. The wind, 
during a hurricane, frequently makes an entire circuit, blowing from every point of the 
compass ; and it is by no means an unusual occurrence for the wind to cease awhile 
altogether, and then commence blowing again. Perhaps the mos(^ violent hurricane on 
record is the one vjtiich occurred in 1780. It destroyed the fleet of Lord Eodney, and a 
vast number of merch|nt ships. It killed no less than 9,000 individuals in Martinique 
alone, and 6,000 in St. Lucia. It totally destroyed the town of St. Pierre in Marti- 
nique, and almost as compl^^ly the town of Kingston in St. Vincent, only fourteen 
houses of the latter being left unmolested. Not a few of the West Indian hurricanes 
extend their ravages northward to the United States ; usually, however, with a viblencc 
greatly diminished. ^ » 
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The eastern, western, and southern coasts of Africa are also subject to stoniis of 
almost equal yiolenee with the West Indian hurricanes; these storms, howerer, in the 
localities under consideration are called tornadoes. At Sierra Leone and the adjacent 
parts two or three tornadoes usuall]r usher in the dry season ; they are sometimes accom- 
panied with rain, and Bomet|mes without ; when of the latter kind, they are called white 
tornadoes. The eastern coast of Africa, especially towards the south, is also yery 
subject to tornadoes. One of the most yiolent storms on record occurred in the 
Mozambique Channel in 1609, extending to the islands of Bourbon, Mauritius, and 
Rodrigues. The violence of storms at the Cape of Good Hope is proverbial ; the 
early Portuguese navigators, therefore, called tho southern cape of Africa the Cape of 
Storms. 

Typhoons may be described as hurricanes of the Chinese and Japanese seas ; like 
hurricanes, they have a rotatory motion, but they are more localized in their action, 
having no distinct rectilineal progression. 

Hot Winds. — ^ Although heat may be regarded as primarily the cause of all winds, 
it does not follow that all winds iqust be hot ; indeed, we know that the re^lt is the 
direct opposite^-that many winds are very cold. The temperature of a wind is for tho 
most part totally independent of the temperature which caused it, and is determined by 
the nature of the surface over which it blows. The principal hot winds are those denomi- 
nated tho simoom, the harmattan, the chamsin, the sirocco, and tho solano. The term 
simoom, or samiel^ means poisonous, and is derived from a belief of the Arabs that the 
devastating effects of this wind are attributable to some poisonous emanation which it 
bears. There is no foundation, however, for this notion. The terms chamsin and har- 
mattan are little else than Egyptian and negro appellations respectively for the simoom. 
The Egyptian term chamsin moans fifty, and has reference to the duration of the wind 
fifty days — from April 27 to June 18. The simoom is the terror of desert caravans. At its 
approach the horizon grows dark, the sun’s rays scarce penetrate with lurid gleam the 
atmosphere charged with particles of burning sand. The wind blows with fitful 
violence, scattering death and desolation in its track, withering the trees and shrubs 
which it encounters, suffocating animals, and burying them under waves of sand. The 
camels no sooner perceive tho advent of the simoom, than rushing to the nearest tree 
or hush, or seeking tho spur ef some projecting rockj they place their heads in the 
direction opposite to which the wind blows, and endeavour to screen themselves from its 
violence. The traveller throws himself on the ground on the lee-side of the camel, and 
screens his heed from the fiery blast within the folds of his robe. Too frequently all 
these precautions are unavailing, both man and beast falling a prey to the terrible 
simoom. The idea, however, of the wind being poisonous is not founded on fact. In 
the western parts of Asia, more especially in Arabia, tho simoom only blows in the 
summer monthr, and with maximum violence in July. It occurs only in the day 
time, and for the most part only lasts a few hours. In Lower Egypt, the direc- 
tion of the simooi^ is from the south-west ; in Mecca, it comes from the east ; in 
Surat, from tho north ; in Bassora, from the north-west ; in Bagdad, from the west ; 
and in Syria, from the south-east; in etery case proceed^g from the neighbour- 
ing desert where the air has suffered rarefaction. The simoom, far from being 
poisonous, is in some localities beneficial to health, Jiy drying up aqueous exhal- 
ations, which, if not removed, would give rise to fevers and other diseases. This is 
particularly the case on tlTe western coast of Africa. It is, nevertheless, always in- 
jurious to vegetation. ^ 
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The Italim siroooo aad the solaao of Spain may be regarded as European con- 
tinnationB of the harmattan or simoon of Western Afnoa. The eiroooo, although 
usually restricted to Malta, Sicily, auA southern Italy^ sometimes extends into 
Germany and Switzerland : in the latter locality it is denominated the fiihn. The 
fblm, although prejudicial to trees, develops to a surprising degree the vegetation of 
young plants, and can hardly be regarded as a calamity. It is most prevalent in 
Switzerland, near tbe Lake of the Four Cantons. Its period of duration does not 
usually exeeed a few hours, though sometimes this period is exceeded, and it rarely 
occurs in winter. 

The southern part of Australia is subject to a hot north wind, presenting such a 
marked reseniblance to the sirocco that geographers are led to the natural inference 
tliat the unknown interior of the Australian continent is a desert of sand and rock, 
lilrw the Sahara and the wilds of^Arabia Potreoa. 

Cold Winds.— These winds are less noticeable and fewer in number 'than those 
already mentioned. Their low temperature is usually referable to the circumstance of 
their passing over mountain ranges covered with snow. The most considerable winds 
of this kind exist in Mongolia, Bcloochistan, and the Bnssian steppes. To this class 
also belongs the mistral, a north-cast wind prevalent in southern France, and which is 
exceedingly prejudicial to vegetsiblo life. 

WB^lwinda. — When two violent winds meet, the result is a whirlwind, so called 
from its rotatory character. If a whirlwind occurs at sea, or over water, it 

elevates a large column of water aloft^ 
sometimes to the height of many hun- 
dred feet, thus giving rise to the meteo- 
ric phenomenon termed a water-spout 
If a whirlwind occurs on land it lifts up 
dust, boughs, the roofs of houses, and 
other solid matters, producing a column 
of well-defined shape. These whirlwind 
columns, whether they consist of water 
or solids, present the same general for- 
mation and contour. They consist of a 
hollow cone, sometimes straight, but 
more frequently curved or horn-shaped, 
it*> upper portion proceeding from a 
cloud ; its lower part consisting of an 
aggregation of water or of sand and 
dust, according to the locality. The 
upper and lower portions of these co- 
lumns are so much denser then the 
remainder, that they are generally 
opaque, whereas the middle portion is 
generally transparent. The tint of 
these colours is various — sometimes 
gray, sometimes brown or nearly black, 
and occasionally fiery red. 

Independent of the circular or axial 
motion of these whirlwind columns, they purpe an onward course, sometimes straight, 
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at Other times curved. The velocity of this course differs within wide lixmts. Some- 
times a man on foot ean readily keep pace with it, whilst at other times they pro- 
ceed at the rate of nine or ten 
miles an hour, sometimes* more. 

Whirlwind columns, whether 
they eventually become water- 
spouts or not, always originate 
on land, or in the vicinity of land 
where the winds and temperature 
are mutable. They are usually 
attended with thunder, lightning, 
and other electrical phenomena ; 
and they constitute the centre 
of an aerial commotion, all around 
the focus of which* a profound 
calm prevails. Bodies which they 
have taken up are not readily 
deposited, but carried along in 
their onward course. Sometimes 
they are quite in the clouds, at 
other times on the surface of the 
earth or water, and tlieir forma- 
tion may be prevented. Even w'hen 
already formed, they may fre- 
quently bo destroyed by some vio- 
lent aerial commotion, such as 
that produced by the discharge of 
a piece of ordnance — a fact well 
known to seafaring men. The size and height of these whirlwind currents is various ; 
occasionally they present a diameter of no more than two feet, while the diameter of 
some has been estimated at two hundred, or even more. Again, the height of some 
is no more than thirty feetj whereas others have been known the height of which 
was no less than three thousand feet. 

Water-Spouts. — Of tliese columnar whirls the water-spout is less damaging than 
the dry whiil, probably because the weight of Huid which it carries diminishes the 
violence of its rotatory motion. Not the least extraordinary amongst the many curious 
circumstances relative to water-spouts, is the well-attested fact that, although occurring 
at sea, they have been occasionally known to break and deluge a ship with a torrent of 
fresh water. 

Injiumce of )Fmd on the Barometer . — Although the barometer has hitherto been con- 
sidered in reference only to the pressure of a tranquil column of air, its variations are 
influenced by many other cii eumstauces, which we must not omit to consider. Amongst 
the most important of these are winds. Having regard to tlie uftimate cause of winds^ 
it will be evident that the existence of a wind bf'speaks the condition of different tem- 
perature in two different places. Hence, every wind necessarily varies to some degree 
the temperature which would have subsisted at any^given place under a perfeetdy 
tranquil atmosphere. No^, inasmuch as the atmosphere expands by heat and contracts 
by cold, varying to a corresponding degree its density or specific gravity, so it follows 
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that the height of the barometric column will be influenced by winde. In Europe it 
■will be generally found that a fall of the barometer oorresponda with a rise in the 
thermometer ; this rule also prevails for the tropics, nevertholess it is subject to many 
vaiiationB. The barometer may rise and fall without any corresponding change m^the 
thermometer or both may rise and fall together. 

The application of the barometer as a weather-glass' is altogether collateral and 
secondary, nevertheless its indications in this respect are, for the most part, worthy of 
confldenoe ; generally the barometric column sinks the day before rain occurs, and 
rises during its prevalence. The barometric column is much agitated during the exist- 
ence of a storm, owing to the conflict which then ensues between atmospheric currents 
tending towards opposite directions. 

Oik^r Variations of the Barometer. — ^Besides the elevation of barometric mercury due 
to direct atmospheric pressure and to aerial currents, there exists other fluctuating 
causes, both diurnal and annual. The former ore scarcely noticeable in temperate, but 
very conspicuous in the torrid zone. Every day the barometric column twice attains 
a maximum, and as often a minimum. The two periods of maximum elevation occiu: 
between 85 and 10 1 a.m. (say an average of 9h. 37m.) ; and between 9 and 11 p.m. 
(say an average of lOh. 11m.) The two periods of minimum elevation are between 3 and 
6 A.M., average 3 j ; and between 3 and 6 p.m., average 4b. 5m. During winter and 
the rainy tropical season, the diurnal variations of the barometer are least, and they 
assume their maximum in April. The variations are much leas on elevated mountains 
than in the plains below. 

Mean Barometric Condition ef a Flaee. — It was formerly assumed that everywhere at 
the level of the sea the barometric condition for the same time was identical. This 
opinion is fallacious, latitude having a well-determined influence in this respect. It is 
least of all at the equator, whence it increases nortli and south, attaining its maximum 
about 30” 01 43®.of latitude ; it then decreases to between 60® and® 70. Within the polar 
circle it would appear to reascend, but further experiments for this locality are a 
desideratum. 

Longitude also appears to exert some influence over the elevation of the barometric 
current. It is greater in the Atlantic than in the Pacifle, by a small but readily 
perceptible quantity. 

Causes of Periodical Barometric Variations. — Tarioup opinions have been advanced 
to account for these periodical barometric variations. To say they are attributable to 
difference of temperature is to advance a cause too remote from the result. Many philo- 
sophers have attributed these variations to the existence of veritable atmospheric tides ; 
but the most plausible explanation of diurnal barometric variations would seem to be 
that of Dove, who assumes them to depend upon the varying amount of aqueous vapour. 
Aqueous vapour and atmospheric ai^ are possessed of different specific gravities, and the 
barometric height of a column of mercury for any time will be the sum of pressure of 
dry atmospheric air and associated moisture ; as the relative amount of the two varies, 
so will vary the height of th# barometric column. 

Atmospheric AEoisture and its HsriTatiwes. — When treating at 'page 469 
of the means to be eiflployed for weighing a gas, the facility wherewith gaseous 
bodies absorb moisture was adverted to. Some idea then may be gained of the 
amount of moisture present in the atmosphere, seeing that the latter is ever in con- 
tact with large expanses of water. The atmosphere, in pc4nt of fact, is never dry, or 
in any way near dryness. Even when the air seems parching hot, drying the skin 
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ftnd withexiDg vegetableSy it is easy to demonstratei by the aid of chemical ag^ts, 
llie existence of a<^ueoua moisture ; without the presence of which neither the functiona 
of animal or of vegetable life coidd be maintained. Sven when the air approaches the 
condition of drynessy within very remote limitS) breathing is difficult and symptoms of 
feverish restlessness speedily sets in. The natural craving of the lungs for moisture 
is demonstrated by the presence of a close stove in a small room. The sensations^ 
which are very unpleasant, can always he alleviated by placing a small dish of water 
on the stove, so that evaporation may go on continuously. It is of tho utmost import- 
ance, then, to be enabled not only to demonstrate the existence of atmospheric moisture, 
but to determine its quantity. A few experiments for effecting this demonstration I 
shall now detail. 

Experiment 1.— The accompanying diagram (Fig. 39) represents a balance or pair of 
scales, into one pair of which there has been placed admail dish of oil of vitriol, and into 
the other a counterpoise. If the apparatus be exposed to the air, even when the earth 
is hottest and dryest, nevertheless the equilibrium of the pair of scales will soon be 
destroyed. Some ponderable increase will have been acquired by the pan containing 
the oil of vitriol, and analogy demonstrates the increase in question to be due to the 
absorption of water. Founded on this • 

property, oil of vitriol is frequently em- I 

ployed by the chemist for desiccating 

substances which could not be heated i ^ 

without damage. Accordingly, if a pan A h * 

of oil of vitriol and a moistened sheet qf j\ /j \ 

paper be enclosed together, under an in- / ! \ / •' \ 

verted glass, tho paper will in course / 1 \ / ' \ * 

of time become dry. Far more rapid / I \ / ^ \ 

and powerful is the operation of the / A \ I \ 

oil of vitriol when, instead of being 

placed together with the substance to gg 

be dried, and in a mere bell-glass, the 

two are placed under the receiver of an air-pump, and the air exhausted. Under these 
circumstances an atmosphere of aqueous vapour alone soon fills the air-pump receiver, 
and the absorptive operation of the oil of vitriol being continuous, the water is 
speedily evaporated. 

Experiment 2.— Instead of oil of vitriol, carbonate of soda, or chloride of calcium, 
and, in an inferior degree, common salt (chloride of sodium) may be used ; for these 
bodies are all hygrometric— -that is to say, they have the property of absorbing water 
from the air. Of the three bodies mentioned, chloride of calcium is the most hygro- 
metric, and is of constant applicatioa by the chemist. Founded on the hygrometric 
quality of common salt, and other saline materials contained in sea water, is tho 
property which certain sea weeds have of becoming moist in damp weather, and of 
indicating by their *dry crispness an opposite atmospheric condition. 

Although aqueous vapour be always present in the atmosphere, it is not always 
visible. Frequently it is quite transparent, and only demonstrable by the process of 
getting it out ; but at other times it aggregates, becoming vesicular, and forming clouds, 
fog, dew, rain, snow, hail, or sleet * 

J>®w. — Although the philosophy of dew is now perfectly well understood, no 
atmospheric phenomenon before the h^py researches of Dr. Wells was mora im- 
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perfectly explained and involved in greater myatery. The fomatioii of dew is 
immediately referable to the function of radiation, oonoeming which it will be 
proper to make a short explanation in addition to that which hflj* been already stated 
at page 480. 

In that place the general indication only has been made that a heated body — for 
example, a cannon-ball — if suspended in space, darts off he*at cognizable on temperature 
under the condition of rays. It remains now to be stated that the function of radiation 
is determined as to its extent by the surface of bodies : rough metallic surfaces radiate 
more than those which are smooth ; glass surfaces radiate more than metallic sui faces ; 
plants radiate more than the eartli ; grass and leaves more than bushes and trees ; loose 
gravelly land more than hard soil. 

To demonstrate the effect of surface on radiation, many instructive experiments may 
bo performed by means of the differential thermometer and a cubical canister of tm 
plate. If such a canister be taken, and one side of it seratohed, another polished 
smooth, another painted white, and the fourth black, a mixture of lamp-black and size 
being used by preference for the latter purpose — if the canister be now filled with hot 
water and held between the two bulbs of a differential iher- 
*' mometer as represented in the accompanying diagram (Fig. 

^ # 40), each side of the canister will represent and indicate a 

difierent amount of radiating infiuenoe, as shown by the 
11 complementary disturbance of the two mercurial columns. 

I J It will be found that the polished side bos the minimum, 

JJ and 4he blackened side the maximum, radiating effect. It 

X will soon bo perceived that these deductions concerning the 
property of radiation are intimately connected with the phi- 
losophy of dew. 

Until the experiments of Ur. Wells, which will be soon 
adverted to, the most erroneous notions prevailed concerning 
the theory of dew. According to some it fell from tiie skj, 
according to others it rose from the ground, both which 
theories are altogether untenable. 

It is a sufiicient answer to the proposition that dew falls from the sky, to say that 
dew never occurs when nights are cloudy ; and it is a sufficient answer to the 
statement that it rises from the ground, to remark that a slight screen thrown 
on the ground, or elevated abovo the ground, is incompatible with the formation oi 
dew. 

The theory of dew is hardly explained by a consideration of the laws of radiant 
heat. The starting point of the investigation is the atmosphere. Now the atmosphere 
always contains moisture, as 1 have already exjdained, and the amount of this moisture 
will, cmieris paribus, be correlative wiih the degree of atmospheric heat at the time. I1‘, 
then, the atmosphere being raised to its fullest point of saturation for any given degree 
of temperature, that temperature should by any chance fall, the result will necessarily 
be a deposition of moisture. Let us now apply these principles to the conditions of 
a heat-radiating surfaci of the earth and a clouded sky. In this case no dew occurs, nor, 
according to theory, should any occur, inasmuch as the clouds perform the functions ol 
a second radiating surface. I'he earth radiates heat owing to the clouds ; but the clouds 
in their turn radiate heal back again to the earth ; wh^ce it follows that theweartii 
practically does not lose heat, and its temperature not falling below the temperature 
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of the circumambioRt atmosphere, no atmospheric moisture can be deposited ; in other 
Words, no dew can occur. 

For these facts we are indebted to the late Br. Wells. They are demonstrated by 
thousands of natural CGfnditioiis, and bear the test of any properly^dcvised ex- 
periment. , 

The following diagram (Fig. 41) is intended to show the manner in which a screen 
will prerent the occurrence of dew. Two plates of glass are represented as supported 

orer an expanse of grass. 

. Underneath the glass plate 

not the slightest dew will be 
Iff/im/ foundjtbough the grass around 
will be dewed heavily. 

A very pretty illustration 
of the conditions which 
regulate the formation of 
dew, will frequently be sup- 
plied by a sheep lying down on the grass, on a clear, tranquil, cloudless night, when, 
to use a popular but incorrect expres- 
sion, dew is falling; it will be found * 

that the upper part or aspect of the 

wool of a sheep, is completely drenched ^ ' 

with dfw, although the under part or 
rispect of the animal is dry, ns represented 
m the nccompauing diagram (Fig. 42). 

The explanation of this phenomenon - 

•will be BO obvious that no further remark 4i!, 

concerning it is necessary. 

Consideration of the laws of radiant heat will render manifest the reason wherefore 
some surfaces are more bedewed than others. The amount of dew will depend, cateris 
parihusj on two circumstances — firstly, on the kind of surface ; and secondly, at its angle 
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of inclination. Keforence fias already been made to the comparative facility wherewith 
certain bodies found in nature favour tl^ deposition of dew upon them, and the most 
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casual obaeryer oaunot fail to be struck yrith the difEerence. In. all casesi the bodiea 

which indicate heat m the most 
faYourable to the deposition of dew upon 
them. Tewi if any, objects naturally 
occurring are so solicitous of dew as 
spiders’ webs; and no object present the 
phenomena of dew under a guise so 
beautiful. Not unfrequently a thin 
filament of cobweb, so small that it 
would be invisible to the naked eye, 
presents itself to the vision on a dewy 
morning as if it were strung with little 
pearls (Figs. 43, 44). 

That angular inclination of a body 
should infiuence, and bo intimately 
connected with, the function of dew 
formation directly follows from a con- 
sideration of the laws of radiant matter ; 
and it may be readily illustrated by a 
Fiff. 44. diagram. Let us be assured that a 

screen of glass be' supported over the radiating surface of the earth— in one case 
horizontally, in the 
other case at an an- 
gular inclination, as 
represented by tho 
accompanying dia- 
grams (Figs. 45, 40). 

It will be evident 
that the horizontal 
glass in Fig, 46 will Fig. 45. Fjg. 46 . 

radiate back more heat than the diagonal glass in Fig. 46. 

Determination of the Amount of Dew . — Although the laws which regulate the forma- 
tion of dew arc perfectly well known, and a rough method of determining the amount 
of dew deposition not difficult, yet no correct means of estimating its actual amount 
has yet been devised. Instruments for determining the amount of dew are called dro- 
someters. A drosometer is a balance, suspended to one arm of which is a plate, to tho 
other a pan containing weights exactly proportionate to the weight of the plate, so that 
both may be in equilibrio. Supposing dew to be deposited on the plate, evidently the 
latter will increase in weight by the amount of such deposition, and a deviation of the 
beam from the horizontal will ensue. The principle of tho instrument is unimpeach- 
able, but in practice it is imperfect. Instead of the plate as described, recourse may be 
had to a lock of wo^ or eider-down, or one of a large choice of hygrometric materials. 
Bodies of this kind were employed by Wells. Wilson and Flangergue had recourse to 
a plate, but it seems fhat the materials employed by Dr. Wells should have the pre- 
ference. ^ 

A very instructive experiment relating to dew formation, and one which may bo 
regarded as presenting a summary of the whole matter, is*as follows 

If on a clear, cloudless night, when dew if being deposited, a glass ball (Fig. 47) be 
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suspended in the open air some height from the ground^ dew-drops will Ibnn on the 
ball ; not, however, equally on all portions of its surface. 

Firstly, its upper aspect will be bedewed, then its sides f 
but only rarely, and in extreme cases, the inferior aspect 
of the glass globe becomes covered with dew-drops, and 
when they do occur they are very small ; indeed, a com- 
plete gradation of size is manifest, the dew-drops decreas- 
ing in size as the upper aspect of the globe is departed 
from. 

Otntraiizatitms. — The following generalizations re- 
lating to the phenomena of dew may now be appended ; 
they will, for the most part, be seen to *be directly dedu- 
cible from a consideration of the laws of radiant hetffc;.^ 

Clouds and bri^ winds are both inimical, to the formation 
of dew ; the former, because of their own radiating power; 
the latter, because of the removal of cool air, its place Ipng 
supplied by air already, wanned. If the night be cloudy, 
and the wind still, very little dew results. If clouds and 
wind occur together, dew is totally absent. Screen-like 
objects interposed between the sky and the radia^ng Bur-‘ 
face produce an effect identical with clouds, hence bodies 
freely exposed to the atmosphere, c(Bteris paribus^ are most 
freely bedewed. Morning and evening are not the times, as 
commonly supposed, when dew is formed most copiously- 
It is deposited at all hours of the night, but most copi- 
ously rather after midnight. It sometimes occurs even Fig. 47. 

before night, late in the afternoon. Dew la not deposited with equal readiness in all 
ports of the world, hut attains its maximum in warm lands near the margin of the sea, 
rivers, or lakes ; as, for example, near the Ked Sea, the Persian Gulf, the coast of 
Coromandel, at Alexandria, and in Chili. It is quite absent in very arid regions, in the 
interior of continents — such, for example, os central Brazil, the Sahara, and Nubia; 
neither does it frequently occur at sea, because of the bad radiating quality of a surface 
of water. 

The imperfect radiation of a surface of water is well illustrated by the following 
striking experiment Glass is a good radiating surface ; whence a piece of glass 
freely exposed in an atmosphere when dew is forming soon b^mes covered with dew. 
If, however, the ^ass have its surface wotted previously to exposure, instead of 
becoming more wet it becomes dry, simply because radiation is impeded, and evapo- 
ration takes place unchecked. Cmteris paribm^ [the amount of dew produced will be 
proportionate to the amount of aqueous vapour present in the atmosphere, and thus 
readily explains the fact that a copious production of dew is frequently the precursor 
of rain. 

Honey^Dew. — Occasionally a sweet, damp, sticky moisture attaches itself to leaves 
duriifg the night, and does not disappear throughout the day. The term honey-dew 
has commonly been applied to it, though, in point of fa^t, it Is not dew at all, being 
merely an excretion from certain insects termed aphides, 

fToar-^m^.— Hoar-frost differs only from dew in the circumstance of temperature. 
One is deposited and remains unconggaled ; the other, becoming consolidated by the 
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agency of IreeEing odd, U oonyerted into ioe. Svory meteorologioal obBoinor knows 
that the existence of hoar-frost is held to be indioative of eoming rain, and in most 
instances the opinion is yerifiq^* phenomena of hoar-frost are eyen more beautiful 
than the corresponding ones of unfrozen dew. Upon leayes, and yegetable stems the 
deposition of hoar-frost is particularly beautiful. If hoar-frost be examined microsco- 
pically, or sometimes eyen attentively by the naked eye, a 'crystalline structure will be 
evident The crystals belong to the same crystallographic system (the rhombohedrio) 
as those of snow, but their general appearance is somewhat different. 

Fogs*— Fogs may be regarded as clouds which form close to the earth’s surface ; 
hence we might discuss their peculiarities under the general head of clouds. They are 
characterized by some peculiariatics, however, chiefly dependent upon the vesicular 
aqueous vapour of which they are composed, embracing and retaining volatile particles 
evolved naturally or from the operations of man. In this way it is well known that 
London fog is anything but pure aqueous matter. One of its very important consti- 
tuents is the condensible part of smoke. As regards the production of fog it is usually 
referable to one of two circumstanoes : either non-visible aqueous vapour may he con- 
verted into the visible or vesicular form by decrease of atmospheric temperature imme- 
diatelji) or by the cooling agency of the earth’s surface depressing the temperature of 
the layer of air next to it below the dew point. In this country, and in Europe gene- 
rally, fogs arc of most frequeut occurrence in spring and autumn. There are regions, 
however, in which fogs prirtail throughout the year. The coasts of California arc 
• almost constantly veiled in fog ; and the same remark applies, in a minor degree, to the 
western coast of the American continent, even so far south as Pern. Newfoundland, 
Nova Scotia, and Hudson’s Bay, are all subject to frequent and dense fogs, attributable 
in these localities to the condensation of vapour which arises from the hot gulf-stream 
by contact with neighbouring and colder air. Fogs do not occur so frequently on level 
plains as on mountainous regions. In Arabia and the arid table-land of Persia they are 
almost altogether wanting. London and Amsterdam have acquired a somewhat evil 
character for fogs ; but this meteoric conditiqn applies to many other European locali- 
ties with an almost equal amount of propriety. At Antwerp fogs are very prevalent, 
and the navigation of the lower and middle Khine is somotimos impeded for weeks 
together by the occurrence of this pest of the sailor. Neither can Paris boast of much 
immunity from fogs ; they are somewhat less dense and less frequent than our own 
London fogs, it is true, but are, nevertheless, far from contemptible. Amongst the 
regions which arc likely in future to be celebrated for the prevalence of fogs, the Black 
Sea may he enumerated. > Until recent events that locality was comparatively unknown 
to us ; and sinoe the conveying of stores to our troops in the Crimea has necessitated 
its continuous navigation, the embarrassment of fogs has only beeh too apparent. 

TVy Toys . — Under this name has been described a dull opaque appearanpe which the 
atmosphere of certain regions occasionally assumes, deadening the flery beams of the 
sun, and dulling that luminary so that he may be looked at without pain by the naked 
eye, and embarassing respiration. 

The dry fog is most common in certain parts of North America, during the period 
known as the Indian Suhmer. It also occurs in Germany, and more rarely in Eng- 
land. There can be no doubt that many atmospheric opacities, different in character as 
well as in cause, have been summarily classed under the denomination of dry fog. When 
the phenomenon occurred locally, it can generally be traced^fco such causes as the burn- 
ing of extensive districts of turf or of forests. ^"WTienits prevalence is more general, the 
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most rational explanatiaa would seem to be that whiob attributes it to volosnio esmp^ 
tions. Some meteorologists have invoked electricity as the cause of this pboBomenoiiy 
but it is not easy to see in what way the assumed cause could produce the effect in 
question. Blectiioity hqp long been to xneteorologisto what the class raHata was 
to OuTiffT ; namely, the roeeptacle for things unknown or unexplained. 

ftlM4n«**Clouds are pAhaps the most beautifhl of all aerial phenomena. AD the 
charms ofehangefol variety of colour, of form, and of motion are theirs ; nor is their utility 
inferior to their beauty. Without bloads there would be neither rain, nor snow, nor hail ; 
the eonsequenoes of this deprivation may be anticipated, or they may be readily learned, 
by turning to the geography of countries wbmn raiu, and snow, and ball are unknown. 

All regions thus circumstanced, provided irrigation be impossible, and that the sltogether 
I oxoeptienal condition of copious dews be idbsmit, ase, despite the most favourable con- 
I ditions of eiimate and of soil, barren wastes. * . 

I Kot withstanding the thmisandlbld varieties of elouds—their protean shi^^ ^air 
I manlW colouii, and other dhrthsetkms-^hen Hie ohoemr somei to mgard Hmm 
I M'ith a scrutinising eye, he wUl not toil to recogntoe Vnad distinethms between them, •> 

' Rdmiiting of being made the basis of a philotophie claasifiGatton. Thus, icane ^isudi 
are devoid of outline, their edges merging away into cireniittinbisat air; sotoe aye 
' black and massive, almost oonveying the idea of a hard substance ; some are white 
and deecy ; others extended like a pennon. All these i^iltoms of cloud which present ^ 

I manifest distinctions amongst tbesnselvea. Mr. Howarw^lNis the diet who effected a * 
I regular clasaifieation of clouds. This classification is no^i^enerally adopted, X ahsB/ * 

, tlierefore, present the reader with an outline of his system. According to this meteoro- 
I Idgist, there are three elementary and tour scomidary forms of cloud. 

' Primary Forms. — ^The first pprimary form fa the mrw#, consisting of feathery expan- 
I sions, and which is only seen in clear weather. 

j The second primary form of cloud is the nmnlm., composed of large hemispbcroidal 
‘ masses sup('Tiorly and apparently resting below on a horizontal base. This form of 
cloud chiefly occurs in summer. 

I The third primary form of cloud is slratus^ composed of horixontol layers, the smaller 
layers being underneath. It is this form of cloud, more than any other, which presents 
itself under a variety of beautiful colours. It chiefly appears at sunset. 

Secondary i'bm^.—The secondary forms of clouds are — (1) Cii'To cumultts. It is a 
mixture, as its name indicates, of cirrus with cumulus, and is made up of on aggre- 
gation of small white clouds, which have been compared to a flock of sheep. (2) Cirro 
ftraius. A compound cloud, which is formed of the two primary clouds embodied in its 
name. (3) Cumulo strains. This compound cloud chiefly appears towards night in dry 
windy weather, and "is of a leaden colour. (4) NimhuS) or rain cloud. This cloud is 
seen in greatest perfection during a thunder-storm. All the varieties of clouds 
described are represented in the appended diagram (Fig. 48). 

It will be readily anticipated that clouds are toequently so mingled and con- 
founded, that they* are ‘not always susceptible of the precise classification just 
announced ; nevertheless, a prevalence of one type of doud (^er another will be 
generally seen to prevail. • 

Pelaiion between Clouds and the People who are in the habit of narrowly 

studying the phenomena of clouds, are enabled to draw^^onclusions of much accuracy 
respecting the coming weather. Thus cirro cumuli are for the most part indicative of 
serene fair weather ; the prevalence of wind subsequently to the appearance of much 
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extended and higUy-ooloiiTed stratus clouds, is a matter of popular experience. The 
appearance of nimbus clouds proclaims the adyent of rain ; and the cirro stratus 







which eomctimes colours the sky as with a veil, all well-defined form being absent, is 
almost a sure forerunner of bad weather. 

Composilion of Cloudt . — That clouds are composed of water in some condition docs 
not require to be demonstrated ; but some explanation must be given of the circum- 
stances enabling water, a material so much heavier than atmospheric air, to remain^ 
suspended frequently in very elevated regions, where the atmosphere, thin though it 
be on the earth's surface, is still more attenuated. This is a matter which it must be 
confessed is still veiled in considerable obscunty ; but perhaps the most rational ex- 
planation of cloud formation is the following : — Firstly, aqueous vapour is diffused, or 
rather absorbed, invisibly throughout the air. The laws of the absorption or diffusion I 
are perfectly well known. The amount differs,’ as we have already seen, for different 
temperatures, being proportionate to the temperature. Assuming, then, that the upper 
regions of the atmosphere at any time are saturated with atmospheric moisture in its 
invisible condition, let us now contemplate the effect of cooling that atmosphere by 
any cause. It is not difficult to fiimish reasons for these cooling agencies ; they are 
numerous and varied — such as sudden variations of electric condition, sudden varia- 
tions in the direction of winds. If, then, from any cause the atmosphere is cooled 
below its capacity for holding vapour in the invisible form, aqueous deposition occurs. 

If this deposition take place on the earth's surface, the result is dew; if aloft in«the 
air, we have a cloud. I 
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Thus fax th steps of each succeeding change are evident ; hut the remaining points 
of cloud-formation are more obscure, the circumstance of chief difficulty being to find 
an explanation of iho aerial permanence of clouds, seeing that the material of whhffi 
they are composed is so iduch heavier than air. Probably the most consistent eapla* 
nation is this : — ^Atmospho^c moisture, when it changes firom the invisible to the 
visible form, assumes the physical condition of sidieroids or vesicles— minute bubbles of 
water, in point of fact, each bubble filled with air. If these vesiclos bo exposed to the 
sun’s rays, it is evident, from consideration of known lav^ that they must become 
specifically lighter than the surrounding medium ; and thus affected, they would fioat, 
for the same reason that a soap-bubble fioats whilst it is yet warm, notwit^tanding that 
the air which it contains is heavier than the surrounding atmosphere. We seem, there- 
fore, in a position enabling us to account for tho upper part of cloud strata. Directing 
our attention now to thr lower part of these strata, it seems rational to assume that the 
vesicles of which they are composed should descend. Probably they do so ; continuing 
their descent until they come m contact with an atmosphere sufficiently vrann to dis- 
solve their aqueous coating, and convert their water once more into Ihe vaporous or 
invisible form. Thus it may be, and most probably is, that a which looks peocr 
manent to the eye, is really exposed to the continued operation of resolution afid 
formation . or, rather, that the two opposing causes, which are here spoken of 
03 producing active changes, balance themselves, and |^ve rise to a condithm of 
equipoise. t 

Although it has hitherto been taken for granted that douds are formed of unfi'ozen 
water, wo know that such is not invariably the case. If the temperature of a nimbus 
cloud sinks to freezing point, or 32® F., its contents freeze, and snow is the result. 
Many philosophers, indeed, but more especially Kaemtz, are of opinion that the cirrus — 
the cloud which soars in the highest regions, frequently at an elevation not lees 
20,000 feet above the earth’s sui'faco — consists of particles of snow or ice. Assuming 
this to be the case, it is not easy to advance the reason of such molecules remaining aloft 
ill a medium so attenuated as is atmospheric air in a position so elevated. 

Position of Clmtds . — It is somewhat remarkable that every known form of doud 
assumes more or less the horizontal position. Vertical clouds are very rare ; and if we 
choose to except water-spouts, not recognizing them as clouds, pcrhtqis we may say un- 
known. The horizontality of clouds, warrants their being spoken of os composed of 
strata ; generally, indeed, these strata are very well defined. MM. Paytier and 
Jloffard have carefully examined the thickness of these cloud-strata on the Pyrenees, 
and have foimd their average variation to be between tho limits of 3400 and 1600 feet. 
The maximum ob.served thickness was 6000 feet, although this measurement is un- 
doubtedly in some cases greatly exceeded. 

Height of Clouds . — Several meteorologists, amongst whom Riccioli, Wredc, Kaemtz, 
and Arago must be particularly mentioned, have set themselves to the task of discover- 
ing tho height of clouds. The methods by which theso investigations were made have 
been various. llicc‘ii)li determined their lieight by placing two observers a certain and 
known distance apart ; Wredc by making use of their shadows, anfi then reducing the 
comi)utation of hciglit to the solution of a problem in trigonomeVy. Piccioli states the 
maximum height of clouds to be 26,000 feet, and Lambert takes ^eir minimum height 
at 13,000, whilst their maximum height, according to the same, another is from 16,000 
to 20,000 feet. Gay Lussac, when ho acquired in his balloon an elevation of 21,600 feet, 
I»crcdvcd small clouds floatmg stiU much above him. Perhaps the statements of 
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Kaemtz, relAJive to the height of elouda above the euth, are the most trustrorthy. 
Ho believes the usual rauge of cumulus to be ftom 3000 to 10,000 feet ; of cirrus from 
10,000 to 24,000 feet ; of uimbua^ or thunder-cloud, between 1600 and 6000 feet. That 
very accurate j^hysicist PouiUet, a? the result of certain experiments pcrfoimed in 1840, 

states, that he 
has proved the 
existence of 
clouds at an 
elevation from 
about 22,300 
to 38,000 feet, 
and probably, 
as the gonoral 
result of all re- 
corded trust- 
worthy obser- 
vations on the 
elevation of 
clouds, we may 
arrive at the 
conclusion that 
cirrus iloos not 
descend below 

2000 or 3000 feet, whilst nimbus occasionally descends so low that it approaches the 
earth within a few hundred feet of surface. The maximum mean elevation of clouds 
seems, in low 
latitudes, evi- 
dently on ac- 
count (‘f the 
greater ca]»a- 
city of tlic* 
atmofli)licre to 
absorb and dis- 
solve aqueous 
vapour. It 
shoidd here be 
remai'lfcd that 
the elevation 
of a cloud 
cannot bo de- 
termined by 
rofirenco to its 
apparent place 
in the sky; « 

and, except the distance be known, neither can its actual 6 i 2 c. These remarks arc 
illustrated by the accompanying diagram (Eig. 60), where the same cloud will be seen 
at different times under very different angles by the same observer, as reference to the angles 
A E C and BED will testify, whence the height would (ftffer for two different statures. 
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And again, in the subjoined diagram it is demonstrated that the observer at A "will 
see clo u d s which are quite invisible to another observer at B. 

Rains — When fi:om any cause cloud-vesicles aggregate into drops, and these drops 
fall, the result is rain. Rain would appear, therefore, to Lo necessarily dependent on a 
cloud ; and in a large majority of instances we find this to be the case. Still, the phe- 
nomenon of rain without clouds is well attested. The amount of rain which falls at 
any place, and at any stated interval, may be readily estimated by means of an instru- 
ment teimed a pluviometer, or rain-gauge. The principles on which this instrument is 
founded are of the simplest kind. for example, a cup or basin, of known cubic 
' capacity and known orifice, bo exposed so tliat it may receive the fallen drops of rain, 
the cup or basin would be a rough rain-gauge. Were it not that the collected water 
thus exposed would bo continually evaporating, thus apparently diminishing the total 
fall of rain, no better rain-gauge need be desired ; bfit in practice it is necessary to 
provide against sucli evaporation ; and it is usually accomplished by forming an instru- 
ment of such construction that one part may be destined t<^ collect the fallen rain, and 
another part to diminish, within the smallest Hmits, the amount of evaporation. In 
expressing the amount of rain which falls at any particular sjwt, it is necessary to 
cxj)res8 the height also at which the observation is made. The annual fall of rain ine^^ases 
as laud acquires elevation; nevertheless, at one and the same place the amount of rain 
decreases witli elevation, for the reason that oath di'op of rain tlnoiighout itb dcncetifc 
goes on coUecAing moisture and becoming lai'ger. Dalton appears to have Uien the 
first to notie'c this fact. He proved, on comparing two sets of observations, — one sc't 
niadt^ at the base, the other at. the sumnpt, of a liigh tower, — that the amount of rain at 
th(j to]i to that at the h(.)tt.oni was as two to throe. Similar obiservalions made at the 
I’aris Ohs(T\atory have led to similar r<‘sults. This variatiou between the amount of 
l ain at ditfc'rciit eh'vations in one locality, is the more considerable as the point of 
aerial saturation is more iicaily attaiia'd; for which reason it is less in summer than in 
wilder. Tlie heaviest rains iwmilly occur in the tropics, and during the hot season. 
There tht* fall of rain is ciionnou.s, sometimes anioimting to an inch ptT hour; ii.iy, 
nuiiilioldt has related that in South America no less tiian five inches of rain fell in one 
honi*. In tlif'se islands we can liiu’dly say that any one season merits the design.ation 
(-f’fht' laiiiy season; hut in tropical regions, except the belt r)f calms, anJ m tin* sub- 
ti’opieal regions, the separation between the dry and rainy seasons is well uifirki'd. 
fti the continental portions of the torrid zone, the rainy season sets in when tlie siiruniei' 
iu-at attains it'=! niasimniu, and eontimios dining four or five months, the ntmosjJiere 
being clear and bright throughout the remaining portion of the yimr. Near the equator 
lhere are two wet seasons, sometim(*s sepai'ated from each other a totally rainless 
]>enod, but at oilier times demarcated only by periods of maximum and ininiraum full of 
rain. Dutch Guiana furnishes the wcU-kriown illustration of a coimtrj'' havmg tw'o well- 
marked rainy scaBons : one, and that the chief, commences in April, and lasts till June ; 
tilt' other, or minor rainy simsoii, commencing in the middb' of Decemher la^ts till 
the middle of Febri^irj". ^Thc drops of tropical rain attain a magnitude never seen 
in the tamer showers of these northern regions ; their weight is so considerable, and the 
force with which they descend so great, that their splash or strike leaves a smarting 
sensation on the ^kin The region situated between the influence of the two trade- 
winds, and commonly known as the region of calms, is devo’A of periodic rains, although 
the fall of rain there is frequent and heavy. 

Rmnleaa £ortims of the %irth . — There are some localities in which rain never 
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occurs : for example, Egypt, the Desert of Sahara, the table-lands of Persia and Mon- 
golia, the rocky flat of Arabia Petrma, &c. Bain is generally the most abundant near 
mountain ranges ; but there are exceptions, one of the most remarkable of which is 
presented by the part of Spain south of the Sierra Nerada. 

Condition of Europe with regard to Main. — ^Europe, tonsidored in relation to the 
preyalenoe of rain, admits of being divided into three districts — ^tho South European, 
the Middle European, and the Swedish. In Portugal and the larger portion of southern 
and central Spain, there is an almost total absence of rain during summer ; but north of 
the Pyrenees, rain occurs at variable times throughout the whole year. All the portions 
of Europe north of the Alps and Pyrenees arc subject to the Middle European and the 
Swedish pluvial conditions. The characteristic of the Middle European climate as 
regards rain is, that the latter, chiefly occurs during westerly winds; whereas the 
Swedish climate is characterized by the prevalence of rain during both easterly winds 
and westerly wunds, which bring rain to the whole of Central Europe, and deluge our 
isles with wet, leaving the bulk of their moisture by the mountainous Scandinavian 
range which separates Norway from Sweden. St. Petersburg and Moscow' cannot bo 
said Jto belong either to the Central or Northcni European climate ; these places lie 
on the confines of both ; hence neither westerly nor easterly winds are there prevalent. 
In England, the maximum number of rainy days throughout the year occurs in Corn- 
wall and Devonshire ; passing thence cast into Central Europe, the total number of 
rainy days per annum continually declines. If we assume the annual amount of rain 
W'hich falls at St. Petersburg to be nearly three, the corresponding annual amount for 
the West of England will be 2*1 ; in Central England, 1*4 ; in Central Germany, 1*2. 
This statement assumes an average of some special localities to have been taken into 
consideration ; special places present many deviations. In describing any place as 
8ubj(‘c,t to rain, or rahij/j distinction must be made bctw'een the actual quantity of rain 
per annum w'bich falls, and the total averages number of rainy days. Dnderstaiiding 
by the latter term every day on which lain, much or little, falls, the number of rainy 
days increases in Europe from south to north. The moan average for Southern Europe 
may be taken as 120, in Central Eurojx* as 146, and in Northern Europe as 180. The 
folio w'ing statement indicates the total number of rainy days per annum for a few places 
specifically named •— 


Buda . 112 

Warsaw ,138 

Germany, average of . . . 150 

Carlsruhc 174 

Tagemsce 170 

Munich 149 

Stuttgardt 127 


Batisbon 115 

Kotierdam 187 

Paris 160 

Poitiers 99 

St. Petersburg 168 

Moscow 205 


Annual Distribution of Jtain . — ^The time of year at which rain is most prevalent, is 
subject to much variation for different countries. Throughout Central -Europe rains 
are moht prevalent ^n summer, but in Southern Europe the preponderance is on tlie side 
of winter rains. Norway is subject to copious winter rains ; whilst in Sweden tj/ey are 
almost entirely wanting. Sweden, in point of fact, although placed S 0 near the sea, has 
a climate altogether like thrft prevalent in continental regions. The reason wherefore 
Norway is subject to winter rains, and Sweden is dcprive(l of the same, hinges upon the 
explanation already made that western winds (w'hich predominate in Scandinavia during 
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wintor) lose their moisture in passing oyer the Scandinayian range. Although summer 
rains are in many places rare, yet when the^ occur they axe generally more copious 
than rains at any other period. 

Bain which faUs in summer at different places, taking the rain which falls on a 
winter’s day at the corrcspon^g place as unity ; — 


England 1*07 Germany 1‘76 

Western Franco 1-03 St. Petersburg 2*17 

Central France 1*67 


from which statement it appeal's that the prevalence of summer rain increases towards 
the cast. 

Tcculiaritm of Rain- Water . — Fresh-falling rain-water, collected far from towns or 
other sources of local contamination, is very ncarfy pure ; ncvertlieless, modem chemical 
observ^ation has succeeded in discovering tlie presence ift rain-water of many substances 
present in small quantities. Nitric acid and nitrate of ammonia are by no means unusual 
constituents ; and iodine has been frequently recognized, regards the sources of these 

and other extraneous bodies, much still remains to he disco v<;red. Nitric acid is most 
pmbably formed in tlie atmosphere by tlie agency of electricity ; and the ammonia may bo 
referable to exhalations from decomposing matters on the eartli’s surface. Many (A' the 
extraneous bodies, especially salts, sometimes recognized in rain-water, anj un- 
questionably due to the action of winds upon finely-divided ocean -spray. ^ * 

iShoioers of FisJm^ Stones^ ^c . — Instances are on record of whole shoals of fishes, 
and numerous collections of other animals — also stones, &c. — being cast on the earth by 
showers. At one time those phtmomena were regarded mysteriously, and referred to 
occult caiis(3S. At present they arc deprived of their mystery, and refciTcd to tho 
previous elevation of the fishes, &c, by aerial currents, whirlwinds, and water-spouts. 

Snow. — If the temperature of a cloud should full at any time to 32® F. or lower, 
instead of rain the result is snow. Much that is beautiful and beneficent is soon in 
this divided form of frozen water. In our own temperate clime we do not c^^mprohend, 
except by reflection, the true value of snow in the economy of nature. Its fall amongst 
us is uncertain and exceptional ; we know not when it is to come, or how long it is to 
remain. We therefore make no provision for it — ^I'egard it as a condition to be tolerated 
— regret that it interferes w'ith our locomotion — that it impedes our railway trains, and 
wets our feet j and wish it away. Nevertheless, even in these isles, the farmer, from 
experience, is not insensible to the value of snow. He says it keeps his winter crops 
warm ; and the thoughtless passcr-by, wTappod in his owti self-conceit, laughs at him 
for making a statement so apparently grotesque. The philosopher, however, who is 
aw'nre of the low heat-conducting power of snow, and who can api)rctiatc the evil con- 
sequences of frost on vegetation, indorses the farmer’s statement. 

If we would desire to recognise the full benefits of snow, wc must direct our atten- 
tion to northern clinics — ^to Sweden, to llussia, and Canada. There the advent of snow 
is looked forward to as a blessing ; and when it comes, the period of its duration admits 
of being predicted with t^dorablc accuracy. No sooner is tho ground covorijd with 
sufficient snow, than wheeled-camagoa, which but yesterday were^ sticking up to tho 
axletrcc in mud and wet, are put aside, and sledges supplied iij their stead. Market- 
places,* which btiforc the snow had fallen were naked and unworthy, now teem with 
good things brought from hundreds of miles away. Snow has all at once laid down a 
far-stretching railroad, over which the sledges glide almost with the ease and velocity 
of a failway-txain* 
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Form (if Snow Flakes . — In certain conditions of temperature snow falls as a pul- 
verulent body, in other conditions as a flaky amorphous mass ; but if very dry snow be 
microscopically examined before it has been broken up, indications of crystalline 
stnictui’c will be recognizable. Sometimes these crystalline snow-flakes attain such 
largo dimensions, that they are quite evident to the naked eye. The crystaHine forms 
thus developed are numerous, but they are all referable to one crystalline system, the 
rhombohedric or rhomlrdiedral ; the characteristic of which is that crystals belonging to 
it have three axes crossing each other at the angle of sixty, and one axis at right 
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angles to these. Scorcsby, who has mi- 
nutely examined these snow-flakes, dc- 
.scribes five principal forms of snow 
<‘rystal8 : — 1st, crystals having the form 
of thin plates, which are tlie most 
abundant ; 2nd, surfaces or spherical 
nu(dei, with ramifying branches in dif- 
ferent planes ; 3rd, fine points, or six- 
sided prisms ; 4th, six-sided p 3 nramids. 
The latter fonn is the least frequent of 


all. The accompanying diagram (Fig. 51) represents the principal crystalline varieties 


of snow-flakeS. 


The Snou'-line . — Inasmuch as the upper regions of the atmosphere are intensely 
cold, there is an elevation for every latitude at W'hich atmospheric moisture is changed 
into snow. This elevation corresponds with what is termed the snow-line. At tho 
equator the snow-line is elevated from 11,000 to 12,000 feet above the sca-lovcl. As 
we proceed towards the north, the elevation of the snow-line will evidently be lower. 
Snow do(‘s not fall on level ground in Fiirope farther south than Central Italy ; but in 
Asia and America tho region extends nearer to the equator. Through Florence pa.'^scs 
the- isothermal line of 59® F., and it may he rcgaidcd as the southern limit of the 
rc'gion in which snow falls on level places. Snow docs not nsnallv fall at tlic time of 
maxim uni cold ; some meteorologists say it never docs -but this is an error. After 
snow has fallen the weather generally increases in severity. We arc usually in the habit 
of assuming that tlic tntal quantity of snow which falls increases as we reach either pole 
— an assumption, however, which is only <-,oiTcct -within certain limits. Thus, taking the 
northern hoinis])herc, for instance, the fall of snow increases from the isothermal of 
o9® F. to tho isothermal of 41® F., which latter cuts the town of Drontheim, in Norway. 
Passing still further nortli, the quantity of snow goes on dimini.shing, evidently because 
in the ixdar regions the temperature of the ah b tyo cold to retain much moisture, and 
atmosplu rie, inoistuie must necessarily bo the anteeedent to cither rain or snow. 

Tho atmospheric condition during tlie fall of snow may vary from the limits of 
almost complete' tranquillity, tf) the otlier extreme of jrost riolent perturbations. In 
Germany, and other countries having a corrc'sponding latitude, the fall of snow is 
usually tranquil, except dai’ing tlic months of February and«Alarc'h. In high latitudes 
snow usually occurs during vi dent t(mip(‘at-gusts, almost equal sometimes to the West 
Indian liurricanf) or tks Chinese typhoon. In Norway these storms are very frequent, 
also in Kamtschatka ; in which latter region they are called purga. They arc veritable 
thunder-storms, as is complekdy proved by the intense electi’ical condition of the atmo- 
sphere. On mountainous elevatious snow-.storms arc ctonpnonly prevalent, irrespective 
of latitude. 
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Colmvred /Swaw.— "BM and green snow Kave been frequently described by travellers. 
The cause of these phenomena is now referred to the presence of minute algss-^the 
protoeoecus nivalia in the so-called red snow, and the pratocoeeut viridis m the green 
variety. 

Bail, — Frequently cloud- vesicles become aggregated and frozen into lumps of vari- ! 
ous sizes and shap^js, sometimes opaque, sometimes traiisparcnt, and occasionally, though 
not very ofbm, containing neuclei of solid foreign matters. Meteorologically, aggre- 
gations of this kind constitute had. In most parts of the world where rain occurs hail 
is known, but certain localities are particularly subject to hail-storms. Generally hail 
falls by day ; indeed an opinion prevails that hail-storms aio unkno'W'n by night. This 
supposition is, however, erroneous. The form of hail is various, though for the most 
part they assume a spherical, spheroidal, paraboloidal, or pyriform contour; and stiU 
more frequently they arc rounded, flattened, or angular. According to Delcross, the 
moht oommon form o< hail is tliat of a three-sided spherical segment, resulting from the 
comminution of larger spluTcs. 

The diameter of hidl-stoni's at a mean latitude is, according to Muncke, not usually 
greater than one and a-hnlf or one and three-fourths of an inch, although on some 
occasions blociks of ice of enormous dimensions have fallen. For example, ii^l7l9, 
there fell at Kremo, hailstones weighing not less than six pounds; and at Kamur, in 
1717, otliers weighing not less than eight pounds. Again, it is stated that, in 1680, 
masses of ice fell in the Orkneys twelve inches thick ; and in 1 795, hailstone*^ fell in 
New Holland from six to eight inches long and two fingers thick. It is ree^jrded, but ^ 
on doubtful testimony, that there fell in Hungarj^ on May 28, 1802, a piece of ico 
three feet square by two feet tliick, 'and the weight of whicli was 1100 pounds, But 
even this is much exceeded by a statement tliat, in the latter part of the reign of Tippoo 
Sail), a lump of ico fldl at Scringapatam as large as an elephant. The siu of the 
elephant, however, is not mentioued. 

Witli regard to foreign substances existing in hailstones, they are described as various 
In 1765 there fell in Iceland hailstones containing sand and volcanic ashes ; otlicrs which 
fell in In land in 1821 contained a metallic nucleus, which proved, on analysis, to be 
iron pynti's (sulphid(‘ of iron) ; a similar pbenfimenon oeeurred in Siberia in the year 
1824. The presence of small pieces of straw in hail has been frequently demonstrated. 

The largest hailstones liiU in summer during thundersUirms. Stoims of thU kind 
are most fr(‘qnent in Juno and July ; they are more rare in May, Augii.st, and September, 
and stiU in on* so in April and October. They usually occur at the close of long periods 
of calm, sultry weather. Hail-clouds are much lower in the sky than rain-clouds ; and 
are general]}* rt'cognisable by a peculiar ragged or jagged contour, and by their lower 
portions being maiked with white streaks, the other portions of the doud being inky 
black. I’n'vious to the occuiTeuco of hail, the barometer sinks very low; and, what is 
unusual bofoie rain, the thermomotiic column sulfers a coiTcsponding depression. The 
thermometer during a hail-storm has even been knoAvm to sink through 77** F. A pecu- 
liar rustling sound in tlio air is also indicative of speedy hail, by a darkness resembling 
that dependent on an ecflppe of the sun. Hail-storms arc very seldom of long duration, 
usually lasting a fi'W moment.s only — si'ldom longer than a quarter of an liour. The 
rapi(hty with which liail-stonns travel is ven'gi'cat- one v ilicb oecuiTcd in Central 
Franco in 1788 travelled at tlie rate of forty miles an hour. The foice of hailstones is 
sometimes dangerously great, qot only breaking windows and shattering tiles, but killing 
heuds and men and animafs, cutting off bianehos of tri*c3 and herbage, aud, in short, 
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desolating all save the largest Tegetable growths. The hail-storm in France of 1788, 
already adverted to, extended its devastations over 1039 parishes, destroying property to 
the amount of 25,000,000 of francs. Although hoil-storms often extend very far in a 
linear direction, their breadth is usually inconsiderable, — often but a few hundred, or at 
most a few thousand feet, — ^though the linear extension has been known to exceed , 
four hundred miles. 

It has been already mentioned that wherever rain-clouds rest, hail may occur; ! 
nevertheless, latitude and local conditions detemiino the frequency of the phenomenon. 
Rain seldom occurs on the level land of tropical countries ; and it is rare in the extreme | 
north. The hail-belt, pre-eminently so considered, is comprehended between 30** and 
60**, and to elevations less than 6000 feet. Even within this bolt, and below the limit 
of elevation just assigned, thci’c are certain localities where the occurrence of had is a 
very rare phenomenon. Certain ^f the Swiss valleys may bo cited as a well-known 
illustration of this remark ; more especially in the Valais and its allied dales. It has also 
been well determined that hail more rarely occurs at the base of mountains than in 
localities a short distance removed. Perhaps no countrj', upon the whole, is more subject 
than France to the ravages of hail-storms, and in no country ore the effects more serious. 

It has been ascertained that the average annual number of hail-stonns in Franco is 
about fifteen. They arc e8])ecially prejudicial to the vine and the olive, sometimes lay- 
ing whole districts under desolation. Having regard to the highly excited electrical 
condition of the atmosphere as the rule during the occurrence of hail-stoims, groat liopes 
were once entertained that they might be prcvcnttjd, or their ravaging power diminislu'd, 
by means of suspended conductors. The idea of using such conductors appeara to have 
been first suggested by Guenaut do Montbcillard in 1776 ; and bail-conductors have 
been extensively tried, but hitlicrto without any amount of practical benefit to justiiy 
their longer continuance. In 1820 a peculiar kind of hail-]>reventor was suggested by 
La Postolle, and subsequently by Thollard. The instruments consisted of straw roi>es 
in which a metallic wire was intm’wovon, and suspended by means of pointed rods 
lar to lightning-conductors ; but, like instruments Jiaving a similar object, and which jjn'- 
ceded them, they were found to bo unavailing. 

Methods of Betennining the amount of Atmospheric Moisture.— 
Havi^ described the numerous fonns under which aqueous moisturo may exist in the 
atmosphere, it now remains to indicate and describe certain instruments wbicli have 
been devised by different cxiierimentcrs for determining its amoimt. These instru- 
ments, founded on different princii)los, as wiJl be scon, are termed hygrometers. 

It is a matter of common experience that many bodies are affected as regards their 
dimensions, more particularly their linear dimensions, by mutations of atinosphoric 
moisture. Wood is a very common example of Ibis property ; more particularly a stick 
of wood cut transversely to the graui. Founded on this property of wood, the late Mr. 
Edgeworth constructed a voiy ingenious toy, which, though it be not a hygrometer, 
inasmuch as it does not measure the amount of atmosphere prevalent in the air, is at 
any rate a hygroscope. It is related that the somewhat eccontrjp phijosopher just named 
once laid a wager thgit a certain toy — a wooden horse — constructed by himself, should, 
after the lapse of som^ time, walk across his room. The horse was accordingly made, 
and placed at one end of a chamber ; the door of the chamber wa.s then locked, and tlu) 
key deposited in safe keeping.^ In process of time the horse did indeed arrive at the 
other end of the room ; and the manner in which this was accomplished will now be 
made evident. 

— - < 
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Underneath each hoof was a claw, long enough to stick into the floonng, and there 
take hold. The horse itself was made out of a piece of wood cut transrersely to the 
grain; the consequence was that when the weather was dry, the linear diTnftnwQfpg 
of his back contracted, and when the weather was wet his back again elongated. Now, 
bearing in mind the constnjction of the feet of this toy-horse, it is evident that these 
alternate contractions and expansions must necessarily result in a forward motion. 

Again, the condition of human hair illustrates the effect of varying amounts of 
moisture in the atmosphere. Every lady knows that she cannot retain her hair in curl 
dining wet weather so well as when the weather is dry, because of the moisture present, 
which causes the hair spirals to relax and unfold. In point of fact, each hair contracts 
and elongates alternately by every mutation of dryness and moisture ; so that if only 
tile exact ratio of contraction and expansion could be determined and applied, the 
meteorologist might rionstnict a hygrometer, having* for its basis of actuation a human 
hail , The hair-liyyrometer of Saussure lakes advantage of this principle. 

To construct this hygrometer, a soft human hair i& boiled for a short time in a 
solution of sulphate of soda, afterwards for a few minutf^a in pure water ; it is then 
well washed to free it from aU adhering salt, and dried in a shady place. Next, one 
extremity of the hair is fastened to tlie extremity of a little tongue, and the othepend is 
wound round a small pulley having two grooves. The second groove is for the purpose 
of rctainiug a filament of silk, from which a weight is suspended for fhe purpose of 
retaining the bail in a constant state of tension. To the pulley is fastened an index, 
traversing a graduated arc, whenever the xJulley turns in any direction by the coutrac- • 
tion or dongation of tlic liair. The graduation of the instrument is thus effected :• —It is 
Ijlacc’d in a receiver holding chloridb of calcium, or concentrated oil of vitriol, the air is 
exliausti'd from the receiver, and tlio place m here the index then stands is marked. This 
mark corresponds with the point of greatost dryness, or 0 of the scale. We have next to 
fk'tcTmino the point of greatest saturation, which is thus effected : — ^The instrument is 
next i>laccd in a receiver containing a disli of water ; so that as the hair elongates tlie 
index turns, and finally coming to rest, tho point at which it stands is marked. This 
mark coi responds to the maxinnun of moisture, which of course may bo indicated by 
any niimlHir arbitrarily selected ; this number being u.sually 100. Finally, it remains 
to divide tho interval between the two extremes into 100 equal parts, and the instrument 
is ooiiiplclc. Notwithstanding all the care which may be devoted to the construction of 
this nistruraent, it is, after all, scarcely deserving the name of a hygrometer— it is little 
better than a hygroscope. 

Occasi< nal’y certain helical vegetable fibres have been used as hygrometers in a 
wa)’ which the accompanying diagram will render manifest. 

Let A represent a circular card or other flat disc, and B a vegetable filament bdi- 
cally coiled it is evident that the helix will unravel in a damp, and tighten its coil in 

® a dry, atmosphere. An instrument of this kind has been some- 
times employed for tho purpose of determining whether a bed be 
^ moist or dry . The instrument is a very good hygroscope ; but, inas- 
much as the coiling and uncoiling of tho helyt is most comparable 
with equal arcs, tho instrument can hardly be termed a hygrometer. 

W c are under obligations to the ingenuity of tho Dutch for 
another hygrometer, or rather hygroj^cope — for, like tho instrument 
Fig. 52. just described, it is not a true indicator of the qtmitity of moisture 

prcipent iu tho atmosphere. •The instrument is of this kind . — A piece of catgut is bus- 
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pended freon ine extremity', and to the other, or lower extremity, ig fixed trauBVersely'a little 
horizontal bar. On one extremity of the bar, a lady in gay summer attire is represented, 
on the other a man dressed appropriately for a rainy day ; finally, the catgut and its toy- 
appendages are sorrounded with a case haying two openings, and in such fashion that 
only one of the toy images can be visible at a time. Now, it is evident that the fibres 
of the suspended catgut will partially untwist under the infiuence of moisture, and rc-twist 
as the atmosphere becomes dry ; whence it follows that the lady will apjTear under the 
latter circumstances, and the man under the former. This instrument, though something 
more than ingenious, for it is a good fvygrostope^ does not merit the dignified term of 
hygrometer. 

The Ikw^point ITygrometer of Tanielt . — a wino-bottle be taken from its bin, it will 
frequently be found covered witli moisture ; and in proportion as the air is saturated 
with moisture, so will the depresmon of temperature be at which this moisture begins to 
be deposited on the bottle. In this manner, if we had tlie means of regulating the tem- 
peratjire of the bottle at our will, depressing it at pleasure, we might afl(;ertain th(5 
exact temperature at which moisture would begin to be deposited ; and thus noticing 
the variations of temperature at different times, wo might establish and tabulate a 
corrc^|)ondence between each particular temperature at which moisture was deposited, 
and tho corresponding amount of moisture contained in the atmospliero. Now, the 
degree of temperature at which moisture begins to be deposited in this way, is called 
the dew-point; and hence the propriety of the appellation dew-point hygrometer which 
has been given to the instrument presently to be described. It consists of a doubly- 
bent exhausted glass-tube, each end terminating in a bulb. One bulb is covered 
with a coating of thin gold or platinum foil, tho other with a fine linen rag. The 
former bulb is partially filled with ether, and holds a small thermometer, the graduated 
portion of which passes np the tube. If ether be dropped on the second bulb, eva- 
poration rapidly ensues, and tho bulb is cooled, thereby condensing tho vapc’u ol 
ether which it contains, and permitting a new evolution from the ether in the bulb. 
Tliis evolution of ether cools the bulb, and causes dew to be deposited on its surface. The 
inclosed scale imiicates the dew-poiut. The following reasoning explains how the determi- 
nation of the dew-p(niit can indicate the amount of aqutH)us vapour in the atmosphere : — In 
prcpo^on as the temperature of the air is elevated, will it bo capable of holding more 
moisture. Hence, by cooling the air, its power of holding moisture is diminished ; a 
portion of moisture, therefore, becomes condensed in the form of dcjw-vesichjs. Tlie 
greater the moisture contained in air, the more readily will condensation ensue for a 
given reduction of temperature. 

The dew-point hygrometer of Dam’ ell, though a great advance upon tho rude in- 
struments just described, is attended with some imperfections. Its construction has 
been improved upon by Bdbercmer and by Rcgnault ; but tho instrument, in its most 
perfect form, still leaves mucli to be desired. Not only does its enjjdoymcnt necessi- 
tate the use of a large amount of ether ; but, what is of more consequence, when tho 
weather is extremely dry the deposition only takes place with groat ditficulty. A far 
more effective instnimcnt, though based on different conditions, is that now about to be 
described. , 

The Tsychrometer . — ^The psychrometer consists of two thermometers mounted on the 
same frame, the bulb of one Hiermometcr being naked, whilst tho bulb of the other is 
enveloped in muslin or other similar absorbent texture, from which there extends a 
wiek-like absorbent stem, terminating in a cistern of water. From a consideration of 
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the fitracturo of thifl oompoimd ixiflitsriiiEieiit) it will be evident that the ni(i|l|euiiftl 
of the naked or uncoated bulb will stand higher than the mercurial ooduniin of the 
second or wetted bulb. Tho reason of this is obvious. The process of evaporation 
lowers the temperature : and it follows, that under one cofndition, and onSj o«ji thfi 
readings of the pair of thermometers which constitute the psychixmieter correspond — 
namely, when the atmosphere is saturated with moisture to such an extent that it is 
unable to take up more. By an extension of this reasoning it will be now evident that 
the mercurial readings of the pair of thermometers will continually vary, according to 
the amoxint of dryness or moi8tuj*e of the surrounding atmosphere. Tho variation, in 
point of fact, is in an inverse ratio to the amount of moisture ; so that by mcmis of 
formuliB wo can easily connect the indications of the psychrometer with the dew- 
point. 

Dittrml Variation of Atmospheric Moisture. — Thfc amount of moisture present in air 
vanes at different times of the day. There appears to be two maxima and two minima. 

The Amt maximum occurs about 9 a.m., the second at 9 p. jf. ; the first minimum shortly 
before sunset, the second about 4 a.m. Popularly, the air is said to be most damp at » 
sunrise, and in tlio sense of dew or palpable moisture the popular expression is correct ; 
but, provided the air bo hot enough, we have already seen that it can absoafb largo ^ 
quantities of moisture, retain it invisibly, and impart no sensation of mo^turt ; indeed, 
pure steam is no more wet than a pure gas is wet. 

Monthly Variation of Atmospheric Moisture. — ^The fact needs no comment, that all 
months throughout the year are not equally moist. It appears that at London, Paris,* • 
Geneva, and Great St. Bernard, the absolute amount of vapour in these places attains 
its maximum in January, and its minimum at the end of July or the beginning of 
August ; but the relative moisture is greatest at London, Paris, and Geneva in December, 
and least in May. 

Like the true aerial atmosphere, atmospheric aqueous vapour continually varies as to 
its amoimt of tension or elasticity. According to Dove, tlie amount of ttmsion is less 
during north and south winds tlian during eastern and wesfom winds, an observation 
which has also bt'cn confirmed by Kaemtz. Necessarily, too, the direction whence the 
wind blows must influence the quantity present of aerial vaijour. North and north- 
cast winds are, at least in these latitudes, loss moist than winds blowing from th(i 
opposite direction. 

Inasmiicli as tlic aqueous vapour dissolved invisibly in air assumes the condition of 
vapoiu* when over tho air is cooled below the dew-point, the influence which moimtain 
range's exc/cise in robbing winds of thcii* moisture and producing rain will Ihj readily 
evident. By an extension of the same reasoning, it will be also evident tliat winds 
which have reached into continents far distant from the ocean, and lost considerable 
bulks of water, must be necessarily dry. Such are the indications of theory, and 
observation fully confirms them. 

The Meteovoiogic Relation of Xmpondenible Agents. — In our preceding 
investigations, thejnetegrologic relation of the imponderables has been almost unnoticed. 
Incidentally, some few' of the leading properties of heat have bqpn treated of, but no 
general statement of the meteorologic relations of these agents has been oflered, this 
being a subject (d' such vast imi>ortance that it merits a treatment of itself. 

The cxpreasioii, imponderable agents, or imponderojih^ forces, is now commonly 
applied to indicate tho cause or causes, whatever tlM^y may be, which give rise to the 
phenomena of light, heat, eicctricity, magnetism ; wc must now also include actinism, or 
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the radiant inflnenoo of the sun, being neither light nor heat, to the operation of which 
photographic pictures arc due. 

The imponderable agents have always presented a field of great interest to tho 
student ; but especially interesting is tho study at this time, seeing that it is a tendency 
of modem philosophy to refer all these imponderable agonci^ or forces to various modi- 
fications of one grand cause. The correlations between light and heat, electricity and 
magnetism, is so intimate and so well marked, that assent can hardly be refused to the 
assumption that they must all be due to a modification of one common agent. Never- 
theless, even though the cause of heat and light, magnetism and electricity, be granted 
as one and the same, the fimctions of these four results are so diverse that no generali- 
zation of treatment will include them all ; they must be held distinct, and treated each 
under its own head. 

Ztight. — This treatise not havmg chemistry for its primary object, but merely em- 
bracing chemistiy as a collateral adjunct, it may be sufficient to comprehend imder tho 
general appellation light all non-calorific radiant influences. Stiictly speaking, we 
ignore by this arrangement tlie existence of a peculiar radiant influence termed ac- 
tinism ; but so long as the exclusion he noted, and a reason assigned for tlie omission, 
no prejudice to scientific tnith will result. A sufficient reason is, that the function of 
actinism concerns the meteorologist in a minor degree ; that it has' already been dis- 
closed ill tlic treatise on Chemistry ; and that all its nietooi-ological relations may be 
with convenience included under the general treatment of light. 

Theories of Light . — Except for the completeness of description, it is rarely worth while 
to quote the opinion of i>hilos()phcr 8 of Greece and Rome on any matter of natural 
science. The wonderful acumen, the quick perception, the subtle reasoning faculty of 
the Greeks — ^though the source of a noble literature, of a sculptured embodiment of all 
that is beautiful in living forms, of a terse logic and wonderful geometry — ^was iierhaps 
disadvantageous to the development of experimental science. Minds that could venture 
60 far in the region of speculation, were not the most likely to invoke tlxe tedium of pix)- 
tracted experiment which the cultivation of physics demands ; accordingly, aU that has 
reached us relating to tliis branch of knowledge was crude and unreiiahle. The first theory 
of light which is on record is, I believe, that of Plato, who assumed that light consisted oi 
certain emanations evolved from the eyes of animals. Subsequently the prevalent notion 
was that light consisted of emanations from luminous bcuics, — a theory which was adopted 
by Newton, and lias been do 8 ignat(’d the theory of corpuscles, for a reason which will 
j speeilily be evident. Even previous to the time of Ne^^rton, a theory of light, called tho 
[ undulatory theory, had been advanced ; but ai that period its sway was short, though 
subsequently the theory has been rovivc;d, and is at the present time accepted almost 
universally. Of the corpuscular theory, the remark may be made that it affords a rough 
and gross explanation of the greater number of common luminous phenomena, for which 
reason it was long universally accepted; it is totally incompetent, however, to deal 
with some of the uncommon and very interesting phenomena of light, especially those of 
double refraction and polarization. The undulatory theory,. of light (so called from 
umiida., a little wave.) assuincs that the property of function which affects the optic 
nciwe, and which wo ag^’ce to call light, is a result of the vibrations of certain waves 
oceuniug in an alternated medium far too subtle for chemical analysis, and which is con- 
ventionally termed ether. Now in strict truth it must bo admitted that there is something 
opposed to the Baconian code of induction, in beginning witli the assumption that a 
fiuid ether of the kind indicated exists ; and it must also be admitted that the diroct 
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cyidonce in &voiir of the existence of such ether is but slight. There does exist, how^ 
ever, a presumptive evidence favouring the existence of the agent, independently of the 
arguments analytically deduced from the petith prineipii that light is really the lesult of 
waves. Astronomers have remarked that the motions of ^he heavenly bodies in space are 
subject to certain retardations, indicative of their travelling through some impeding 
me^um ; and this is, perhaps, the strongest argument which con be produced. If such 
medium be a reality, w-e have the petitio prindpii granted, which the undulatory theory 
of light demands. 

The study of the agencies of light involves a consideration of loss theoretical 
reasoning than is demanded by a corresponding study of the other imponderable agents. 
In studying the phenomena of electricity and of magnetism, we can hardly make one 
step without continually employing theory of some kind as a ralljung-point for oiir 
ideas, and a stepping-stone by which we rise to our deductions. Not so in the matter 
of light. Whatever bo the ultimate cause of this agency, whether corpuscular or un- 
dulatory, the function or impression of light is exercised in straight lines, except in a few 
special cases, which will be brought under notice hei-cafter. 

Velocity of Light. — Astronomical observations of two distinct kinds furnish us with 
very precise obsciv'ations, relative to the velocity of light. Its rate of travcdling is, 
firstly, deduced from certain phenomena of Jupiter’s satellites; secondly, from the 
aberration of light. As the result of both these kinds of investigation, light is found to 
travel at the rate of about 192,000 miles in a second of time. The rapidity, as 
will be seen, is enormous; yet it is far exceeded by the rapidity of the passage of* 
electricity. 

Let&rmimtion of the Velocity 0 / Light by tlte First MetM. — Astronomical calcula- 
tions inform us when each particular eclipse of Jupiter's sateHites should take place, and 
the instant any such eclipse docs occur may be seen by observation. Now, considering 
that the diameter of the earth’s orbit is 190,000,000 miles, it is evident that our planet 
must at one time be 190,000,000 miles nearer the planet Jujuter than at another time. 
Hence, the risual indication of such an eclipse must come to us tlirough a path at one 
time 190,000,000 miles nearer than at another time, inasmuch as 190,000,000 miles is 
the measure of the diameter of the earth’s orbit. From comparative observations of 
this kind, it is determined that light occupies about sixteen minutes and twenty seconds 
in traversing the distance of 190,000,000 miles, which gives the velocity of light per 
second at about 192,000 miles. 

JJetermjiafion of the Velocity of Light by the Sec(ynd Method — Aberration of Light . — 
It wdl be convenient now to adopt the common expression ray," as indicative of a 
luminous agency exercised rectilinear] y. Whatever theory of light be adopted, tliis 
definition will hold good. 

Having premised this definition of the term luminous ray, we may now say tliat 
lumiuoua bodies arc rendered evident to us by reason of rays of light darted off in 
straight lines. Provided, then, that a luminous body darting off these rays, and the 
observing eye whioh roegives these rays, bo both at rest, and provided that all interfering 
causes were absent, tlie eye would refer the luminous body to its tiuo point in space. If, 
however, the case be varied by assuming the observer to bo in motion, or the luminous 
body to bo in motion, or both, then the eye would not refer tte luminous body to the 
correct point in space, because of what is termed the abeiration of light. Inasmuch as 
our planet is in motion, and the heavenly boies are in motion, we never see the latter 
in* their true positions, buf in the positions which they respectively occupied at some 
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anterior period proportionate to the time docnpied by light in travelling from them to the 
eye. From these considerations it will be evident ^at if we know the position in space 
of a heavenly body at any instant of time, and the space travelled over by the observer 
in a similar time, also the direction of motion in Ihe two eases, the neoeaaajy elements 
are famished for calculating the velocity of light ^ 

The following diagram (Fig. 53) is intended to illustrate the foregoing proposition. 

In the diagram / is a luminons body in space, 
a Oy 0 a" represent portions of the earth’s orbit 
travelled over by the observer in given equal 
portions of time — seconds, for example. Tho 
direction of luminous rays is indicated by I 
lOy I a\ It is now demonstrable that if light 
do not occupy time in travelling, the luminous 
object I will ax>pear in its true position for each 
time of observation, however much the observer 
may have progressed. If, on the contrary, time 
be really occupied by light in travelling, then 
the observer’s eye, supposed to move iu the 
direction a a\ will not see the luminous body I 
by reason of tho rays wliich emanate from it at 
the i)eriod of observation, hut by reason of the 
rays which started on their journey at some 
anterior period; and, seeing that the direction, or angular position, of luminous objects 
is determined by taking cognizance of their luminous rays, it follows that I will uevc]' 
he scon by tho moving observer in its true position. Let us suppose the observer’s rye 
to he at Oy then I will not appear in its true position,-— namely, the position indicated by 
the line I a, but in some antecedent position, ■which the diagram does not represent. 
Supposing the observer to luive arrived at a, the apparent position of I would (jorrospoiid 
to p (t.c , parallel to I a'y as indicated by the dotted line o p). It follows, tlum, that the 
distance of a luminous body being known, also its true position and it.s apparent position, 
the rate of travelling of light can be determined by trigone tmetric calculation. 

Comidirafion of Primary Optical Zazrs . — Tho meteoric relalious of light being 
almost exclusively opticfd, it will he proper to enumerate a few primary optical 
laws. 

Hay of Light. — Definition . A ray of light h a rccUlineOir agency of the luminous 
essence for any given transparent medium. This definition is equivalent with the ordinary 



expression that light travels in straight lines-— so far as that expression is correct Taken 
without limitation, however, the expression is not correct*. The agency of light 'in 
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straiglit line^ is only maintaiiied for one liooiogcneo'as transparent body^ and not those 
in some peculiar csBes* 

Imuj I . — ^The intensity of light varies inversely to the square of the distance. The 
operation of this law is illustrated by the preceding diagram, wherein the figures 
1 2 3 4 represent four distances from a luminous object ; the intensity of light at 2 will 
be one-fourth the intensity of the same at 1 ; at 3, one-ninth; and at 4, one-sixteenth. 

If 47 in the preceding body be oonoeived to stand for an opaque screen, having determi- 
nate square divisions — say one foot — and 2 3 4 other opaque screens, having the respec- 
tive dimensions of four, nine, and sixteen feet, then at position 1 tlie ono-foot screen 
will intercept aU the light, at 2 the four-feet square screen, &c. 

Ltm IL — ^When a ray of light falls on a reflective surface, the reflected and the 
incident ray are both in one plane. Thus, in the annexed diagram, 
m i p represents a reflective plane, d an incident ray^n a reflected 
ra}^, aT\d i the point of impact ; thus the rays d and » lie in one and 
the same plane. 

Law III. — The angle of incidence and the angle of leflectiou 
are equal. Thus, referring to the subjoined diagram (Fig. 65), where 
d i represents the incident ray, impinging at i and reflected at «, the 
ray d i makes the angle with a line h i peri)(‘ndieular to the reflecting 
I)hmc mip^ which is equal to the angle made by the reflected 
ray / n. 

Laii IV. — ^When a ray of light passes from one transparent medium into another of « ^ 

! different density to tlie first, rofr'acticn ensues. If the density of the second b<'>dy be 
! more oousidcrablo than the density'of the first, it is refraedt'd in a direction towards a 
pcipcndicular to the plane of the refractive surface. If tlie 
order of lelativo density bo n'vcrsod, the ray of light is re- ^ 
fracied from the perpendicular iilaiic of th(3 rclracding surface. 

The annexed diagram (Fig. 60) is intended to illustrato the 
law just enunciated. The diagram rtpresonts two refractive 
media. The upper one is indicati'd by four dotted lines, in- 
cluding a rectangle ; the lower one l>y four plain lines, also 
including a rectangular space. AV^o may assume, for the con- 
ditions of our argument, the npper rectangular space to be 
filled with iitiJiospheiic air ; the lower rectangular space cor- 
responding ^rith a hloi'k of glass. Assuming, now, r to stand 
for a ray of light ])assing in the direction /■ t d d, wc rcmai’k 
that on cntci'ing the glass the ray bonds towards the pei'pendicular p, because glass is the 
denser inedmin. On leaving the glass, the ray bends from p', and assumes its original 
com so. Hence, the law is satisfied. Hereafter wc shall discover that a full appreciation 
of the action of lenses depends upon a previous cognizance of the law. 

Many natural instances continually present themselves in e.xemplification of this 
law. The salmon-^oachcr well knows, that if he would succeed in spearing the fish 
which lio sees lying on tffe bed of a river, he must not strike in the apparent direction 
of the object, hut he must make allowance for the refraction off light caused by tho 
watc». * 

A very common experiment, illustrative of the refraction of light, is performed with 
a basin containing some small object, which latter, fSr a certain position of the 
ohs^er, is only rendered urident when the basin is filled with water. Thus, in tlie 
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aanezed diagram (Fig. 67}, the basin is supposed to contain a boy’s marble. The latter 

would be invisible to the eye at E by ray of light 
passing in the direction of E K, although visible 
by the same ray when bent in the direction of 0, as 
would be the case provided the vessel wore filled 
yy* with water. 

dflffilijiB Far more important to the meteorologist is the 

following illustration of the law of luminous re- 
H finction by the atmosphere. We have already seen 

that the atmosphere is to bo considered physically 
^ as made up of concentric rfiells of elastic matter of 

varying density. Practically, then, each successive 
atmospheric layer (to assume the \)xi8tenco of layers where the blending is complete) has 
a different refractive power for a ray of light. 

The accompanying diagram (Fig. 58) is intended to represent the effect of atmo- 
spheric luminous refraction. For the purpose of illustration, three atmospheric shells 

or zones are depicted. Let us now' trace the re- 

fractirc effects of these zones on a ray of light. "'n. 




S is the sun or other luminous heavenly body, t \ y / 

a of light proceeding from the latter to the \ '*'*^*^“ ^ / 

earth, and, of course, passing the atmosphere of our 
planet. Now the ray r, instead of going straight 
on as it would have done if the transparent me- 
dium — the atmosphere — ^W'oro of one uniform unvarying density, takes the course r 
The outennost zone of aii* refracts it a little ; the second zone being denser, refracts it 
still more; and the third, or innermost zone, denser still, effects a third and final 
amount of refraction ; so that the sun would ho rendered visible to on observer at r\ 


although really below the horizon. 

ChromiaticB. — Ilithcrto, light has been treated of without reference to colom* ; but 
certain phenomena of light, involving the production of colour, ore especially intorcstiug 
to the meteorologist. The rainbow — ^the tint of clouds, and auiora or morning dawn — 
tlie manifold hues of sky and sea, may he cited as familiar examples. 

To the immortal Newton we ai’c indebted for the first consistent thcoiy' of colours ; 
a theoiy which, slightly modified, is generally accepted at the present time. The fact 
is almost too familiarly known for comment, that Newton effected the decomposition 
of light by means of a trianguloi prism, causing a white ray to split into coloured 
rays, and demonstrating that w'hite light consisted of the prismtftic colours blended 
together. * 

According to Newtto, the primary or prismatic colours were seven, as follow : — ’* 
1. Red ; 2. Orange ; 3. Yellow , 4. Green ; 5. Blue ; 6. Indigo ; 7. Violet ; — violet 
rays being most, and red ray^ least refrangible. Subsequent experimenters, however, 
have reduced the number of primaiy rays to three, — ^namclj^, hlue^ and green. Tliis 

dt'monstration cannot be satisfactorily arrived at by prismatic decomposition ; but by 
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employing glaKses of difoent oolomfli and absorbing oettain tints of lights tbo demon- 
fitration is easy. 

The subject of meteorology scarcely demands that f should emter upon tiie discumion 
of spherical or chromatic aberration, still less on the consideration of double refraction 
and polarized light. 1 idiaQ, therefore, conclude this short theoretical exposition of the 
functions of light by presenting a summary of the arguments for and against the cor- 
puscular or emissary, as well as the unduktory theory. 

It has already ^n remarked that the wave th^ry of light — i.e,, the undulatory 
theory — originated at a period anterior to the corpuscular theory introduced by Sir Isaac 
Newton. The great objection to the wave theory was this : — ^if light be the result of 
waves, it was argued, how is it that light will not travel round a comer after the manner 
of sound ? which latter was known to be the result of vibrations in the air or other 
medium. This question was deemed to present an impossibility to the comprehension 
of the advocates of the wave theory of light. Curiously enough, the modem philosopher 
may accept the comcr-test as one of the strongest prook in favour of the wave theory of 
light. 

As the most striking similarity prevails between light and sound in many of their 
relations, let us establish a comparison between the two, in respect of turning a comer. 
Every one knows that sound can turn a comer ; but the fact is scarcely less patent that, 
in tlie act of turning a comer, a portion of the soniferotis impulse is deadened or lost. 
The proof of this assertion is so common, that wo scarcely require the performance of an ^ 
artidcial experiment. Who is there who has not noticed the sudden deadening of the 
rumbling noise of carriage-wheels, immediately the carriage has turned to the right or 
left down a side-street ? Who that has been present during artillery practice— some- i 
times standing near the muzzle of a cannon, sometimes behind it — ^has not been 
made cognizant of the difference between the violence of the report of the cannon’s 
discharge } Thousands of instances of this kind must have presented themselves to 
everyone. 

The following experiment simply, yet satisfkctorily, illustrates the some propositions. 

If a tuning-fork bo struck and held at arms-distance from the ear, its prevailing note 
will be heard with a certain distinctness. If, now, a card bo interposed between the 
tuning-fork and the car, the former may bo brought very near the latter without 
making the listener cognizant of a soimd equal in intensity to that which he hcarxl 
when the tuning-fork was more distant, but when no card intervened. Indeed, what- 
ever test be devised for demonstrating the deadening of sound by necessitatuig its 
travelling round a comer, tlie res;ilt is invariably of one kind — it is affirmative of the 
pretposition. 

In endeavouring to establish the existence of a similar property in respect of light, 
due allowance must bo made, of course, for the difference of degree between sonorous and 
luminous vibrations. I shall very soon demonstrate that, whatever may bo the cause of 
light, each particular colour corresponds to a certain size of somethifig, cither of wave 
or of particles. Asi^iming these measures to be the mcastues of waves, then we are m 
the condition to prove that the difference between the size of soundi^waves and of light- 
waves is enormous ; and being enormous, we cannot expect that iight should bo able to 
turn a* comer to a similar extent and with the same facility we find sound to do. But 
that it can turn a comer within certain limits is unquestioimble ; therefore, we establish 
an analogy in an important particular between light and sound, and furnish an answer 
to the argument which Newton thought to be unanswerable. 
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Tile »i9il4«fit of the &ot thAt light tuityi ^ comer hi fucstiahed by 

the phenomena of shadow. "Wliat artist is thero who does not pcxfocUy well know 
that the edge of a shadow is ODmowhat more iUnminated^ or loss daiky than tho 
centre of the shadow ? and grantod that the fact be so, does It not prore that Hght 
and sound, in the matter taming a oomor, present a oomsdete analogy ? 

Another illustration, not so familiar as the last, but equally eipressive, is this : — If a 
minute perforation be made in a card, of course a oertoin amount of light can be caused 
to pass through tho perforation. 11^ now, an object be viewed through the aporturo, the 
object will be represented magnified, just as it would if a magnifying lens were fixed in 
the aperture. Now, on the assumption of the pasaage of light through tho aperture, 
merely subjected to tho law of diminished intensity, inversely as tho square of the dis- 
tance, we cannot account for this magnil'ying power ; but if we grant that the light, 
by friction (to use a comprehensililc but not unexceptionable term) against the edge of 
the aperture, is bent outwards, then the result is accounted for. 

Interference of Light , — Some of the most beautiful arguments in fiivour of the undu- 
latory theory have reference to what is called the intcrforcnco of light. Wliat is meant 
by this term may be thus summarised. It is possible, by certain optietd arrangements, 
to pi-oduec dai-kness by causing one ray of light to impinge against another ray in a 
certain distance ; whereas, varying the distance, it is also possible to make tho lumi- 
nosity of the ray more powerful by the extent of the luminosity of tho second. How 
beautifully, how completely does this accord with tho phenomena of musical sounds ! 
Let the follow ing experiment be performed by a person whose ear is moderately sonsildo 
to harmony, and tho effect noted : — Let two musical instruments — wind-instruments are 
the best (and perhaps two organ jiitch-pipos are iircfcrable to any other) — ^be caused to 
produce simultaneously discordant notes. That tlicre is discord the cor can hardly fail 
to recognize ; but to recognize the cause of discord will require a little attention The 
two series of pidsations will be heaxd clashing mutually agaiust each other ; all idea of 
musical tone will have departed; and even the sound, regarded as a mere noise, will have 
become less than the sum of the two sounds. 

m liowever, the two organ pitch-pq>es be now sot in harmony, as tho musicians 
term it ; and, more ospecialiy, if one be sot to produce atone one octavo above the other, 
and both simultaneously sounded ; not only will the result he harmonious, satisfying the 
musician's ear, but the power of the sound will bo equal to tho sum of the power of the 
two notes. 

Now the scalo-value of musical notes can bo demonstrated to correspond with, and 
be dependent upon, wave's of definite size foi any particular medium ; and it admits of 
demonsti-ation that musical harmony depends oii an uccoi dance between sonorous vibra- 
tions ; moreover, that diswu’d results when sonifcr.nw waves clash in different phases of 
tlieir vibrations. AH this, however, will he more evident if we seek an illustration m a 
case involving the production of visible waves ; as, for <"xamplc, tho illustration fur- 
nished by the waves which can be made to aiise on thr surface of water. If a stone 
be throwm ujioii tho surface of water in a pond previously u^fuiile<i!, a series of concen- 
tric waves will be dwrolopod. originating m the centre, or point of impact of the stone, 
and extending outward^ concentrically. now, a second stone be thrown on the sur- 
laeo of the pond, ovidantly a second scries of concentrically expanding rays ■will bo pro- 
duced, which, moeting the first series, wUl give rise to one of two opposite effects, 
according to the manner in which the waves strike each otlier. If the crest or swell of 
one wave happens to con’espond with the crest or sw’ell oi a second, then the twonvill 
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bleadf and tbo result will be a wave laiigcr than either. li; however, the erest of ocie 
wave happene to stzike the deprossed curve of another, the result will bo a diminution of 
the size of both waves — nay, the absolute destructioai of both, provided they were 
originally of precisely the same dimensions. 

The meaning of the eepression, “ iwreijMmdmc^ of phaae of ribration^^* will now be 
evident. If the crests of two waves strike and coalesce, both cuivcs pursuing the same 
direction, they are described as meeting in the same phase of their vibration ; if they 
meet, the curves of each wave putsiiing i)opositc directions, — that is to say, one rising 
while th© other is falling, — ^then the waves are said to meet in opposite phases of their 
vibration. 

I have selected the surface of water as fumiahing a visible illustration of wave 
interference, in eveiy way comparable to the interference of sonorous waves as demon- 
sb'ated ; and to the interfei'ciicc of luminous waves os assumed on the strongest grounds 
of probability. 

Lot us proceed now to develop the principles from tlie consideration of which 
the size of an unseen w'avo may be demonstrated. Sonorous >vave8 are of this 
kind. 

Firstly, supposing atmospheric air to be the medium of soniferous waves, we*requirc 
to know the velocity of sound through this luodium. ITiis has been detemunod to be 
about 1,120 feet per second at a mean temperat ure and pressure. Cousillermg then that 
the vcloeitj’ with which sound travels has been determined, fuid that earh pailicidar^ 
tone of the musical scale corresponds with a detenninate number of undulations or 
vibmtions in a given tone, wc may a.socrtain the dimensions of sonorous waves (jorres- 
]yonding with any particular tone, provided wo know tlic number of vibration.*; for any 
given tone. M. Savail accomplished tliis by a very ingenious instrument, the con- 
stiuction of wliich will be best introduced by the following reference to u ciicumstonco 
fi oqucntly occurring. I’crhaps it may have happened to the reader that on some occa- 
sion wli<*n brijikly passing along near a long range of iron or wooden railing.^, ho has 
uncons( iously touched them witli the end of his cane, which necessarily will have struck 
e ach bar of the railing with lesser or greater amount of velocity, according to the rate at 
wliich tli(‘ j)edt‘strian maj’^ have been walking along. Xoav it will scarcely hiil to have 
Ih'cn noticed that for over)' degree of rapidity of impact, thertj will liaw been produced 
a ditfcri'iu sound, the tone becoming more and more shrill in proportion as the velocity 
impaci is gi'cater. 

On this princiide is founded the instrument of M. Savort — a spiked wheel, capaldc of 
Icing sot ni motion with a delcnniriate A'docity. Inasmuch as tliis mat Inn e furnishes a 
Known leloeity for a knowni sound, wc have two of the data for ascertaming the size of 
:i sonorous wavt*; tlie remaining datum i.s the velocity of sound, already mentioned. 
I’he size of a sonorous wave, corresponding with anj^ particidar musital note, may now 
1)0 dctemiincd by application of the subjoined fomiula : — 

Let S ~ velocity of sound per soeond, 

N rr nimihcr of vibrations p('r second necessary to producc^any given note, 

"NV = length of wave correspondmg to that note ; , 

thcni^=:'W. 

Is . 

From tlio application of ^this formula are determined the lengths of organ-pipes, cor- 
responding to different notes, as given in the following table * — 
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NT7MBBB OF YIBRATIONS PS& BBOOKB FBBFOItMSD BT 'WAVES OF AIR OOBllBSPONinNG 
TO CERTAIN MUSICAL NOTES, AND LENGTH OF THE RESFEOnVB WAVES. 


Notes of the 
Organ. 

Length of 
Pipe. 

No. of vibrations 
per second. 

XJngthof 

■Wgve. 


Lowest C 

32 

16 

70 

or HP 

Cl 

16 

32 

36 

orHF 

C* 

8 

64 

17-6 

orHF 

C3 

4 

128 

8*75 


C* 

2 

256 

4-375 

orW.'^ 

C3 

1 

612 

21875 

orW 


Determination of the Size of Softorous Waves . — ^Having illustrated some of the phe- 
nomena of waves by reference to a surface of water, and sho^m in what manner the 
size of sonorous waves may be determined let us now proceed to apply a parallel course, 
of reasoning to a determination of the size of luminous waves, corresponding 'with any 
particular colours, — assuming, of course, as we are obliged to assume, that tlxe sensation of 
light be referable to the existence of waves. The accompanying diagram (Fig. 69) will 

illustrate the manner by which this can be effected : 
it represents a plano-convex lens, laid "with its 
convexity downwards upon a flat glass surface. 
If this be done, and if the two be pressed together 
with a certain degree of force, tlie space of air 
lying between the flat glass and the convexity of 
the lens at every point, 'with the exception of the centre, will be tinted with the primaiy 
colours. The outermost band of colour, represented in the diagram by the letters a a\ 
win correspond with red light ; and the imxcrmost or central band, circumscribed around 
b\ ■will correspond with violet light ; and between the two aU the prismatic tints Avill 
appear in their ordinary scale of gradation. Let us contemplate the beautiful deduc- 
tions which flow from this simple experiment. Firstly, it is evident, that for each 
coloured band there is a corresponding delinito thickness of air j so that whatc^'e^ the 
cause of light may be — whether particles, or waves, oi an^lhing else — ^tlie spac'e cor- 
responding with each particular colour is tho measure of that on which the colour 
depends, to the same extent that the cleft betw'L<’n two rocks, into which a fish has 
become fixed, is a measure of the size of the fi>h : so if we can ascertain the size of 
this aerial space for any given point, we can dscertain the size of the cause of light ; 
and granted that waves of difibrent dimensions arc the cause of different colours of 
light, we can speak: confidently of the size of each particular wave. These measure- 
ments do not admit of being determined by rough direct measarement of rule and line ; 
but they can easily be measured by obvious trigonometrical ciJcuhrcions, inasmuch as 
the curve of the leiA is tho solid fonned by tlic rotation of an arc, of a circle of 
kno'wn diameter. < 

Kno-wing the velocity of light, and knowing that it travels at tho rate of 190,000 
miles per second, we are now iA a position to determine that a wave of the extreme red 
of tho solar spectrum has a length of •0000026Gth part of inch, and that it vibrates 
468 million times per second; that a wave of extreme 'violet light has a length” of 
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'00000467th part of an inch, and acoompliahefl 727 millions of vibrations in a second. 
The steps of the calculation, as will be observed, are the exact pazallels of the steps 
already given above for the calculation of the sise of sonorous waves, and are based on 
a knowledge of the velocity Of light per second, and the actual space corresponding to 
each particular tint Inasmuch, however, as the subject of light is somewhat abstruse, 
IKjrhaps the following parallel cases will render the train of reasoning, by which the 
size of the waves of light are determined, more obvious : — 


PAUALLEL CASES. 


Light travels at the rate of 190,000 miles 
])cr second. 

Length of waves of rod light, •00000266th 
pait of an inch. 

Query . — How many vibrations does a ray 
of red light make per second ^ 

Formula for solving the query. 

Velocity of light per sec. Ko. ofvibra- 

Lcngth of wave of every tions per sec. 
colour 


A man travels at the rate of 60 yards per 
minute. 

(Assumed) length of the man’s strides, 
1 J ytu*d each. 

Query . — How many strides docs the man 
make in a minute. 

Formula for solving the query. 

Velocity of man per min. No. of strides 

Length of stride per min. 


. 

Answer. 


Or, 

Answer. * 


•000002G6) 190,000(^®® 1 J)60(40 strides per minute. 

jitmospheric Decomposition of Coloured light has been demonstrated 

to })(■ a cf)m])onent of M'hitc light ; and, indeed, there is very little white light in natur^. 
Owing to tlio various decomposing agencies to which light is subject, the result is 
generally coloured. The tints of natural objects are generally determined by their 
((uality of luminous absorption. If a surface absorb red and blue light, merely reflecting 
yellow rays, then the tint of the body in question will bo yellow. If it absorb yellow 
and red, merely reflecting blue rays, then the tint of the body will be said to be blue ; 
and so on for the remaining ca.se. An absolutely white body should of course reflect 
the rnys of every colour, but absolute whiteness is rare. An absolutely transparent body, 
again, should transmit rays of all colours ; but this absolute transparency can bo scarcely 
said to exist. Even the atmosphere, transparent though it seem to be, obstructs much 
light, though the blue colour of the atmosphere is not owing to the blue colour of its 
particles, but to the reflection of blue rays. 

"SVatcr, again, is said conventionally to be transparent; but wc have only to look 
through a mass of w'atcr, or to look upon the surface of a mass of water, to be convinced 
that this liquid has the property of absorbing some colours more than others. The con- 
sequences which flow from the imperfect transparency of the atmosphere are very 
curious and important. If it wore perfectly transparent, the heavens woidd appear black 
to us, and the hcat'enly'todies would bo seen brilliantly shining as if in a framework of 
jet. By its absorptive power the atmosphere becomes to a certfoi extent visible ; th© 
lig4 of the heavenly bodies is mellowed and softened down ; %nd the beautiful pheno- 
mena of twilight and morning dawn are determined. "Were the atmosphere perfectly 
transparent, the surface of the earth would be lUuminatefl in a way totally unadapted to 
our necessities. Wherever, the direct rays of the sun might fall, the surface would be 
illumined with a blaze of light ; but all other spots, provided light did not chance to be 
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reflected upon them, would bo quite datk Aeronauts, and Iravollers who aseend elevated 
mountaina, confirm the indications of theory relative to the apjoncy of the atmosphere 
in diffusing or scattering luminous rays. lit i^roportioii os the elevation above the 
earth’s surface is greater, so does the sky app('ar more daidt. 

Magnetlsnu — ^The magnetic-necdlo, when freely pois«d on a pivot or freely sus- 
pcjuled, is known to assume a directive tendency ; and that tendency is popularly 
describ 'd l)eing north and south. Actually, however, the direction of north and south 
is only correct for (‘crtain paits of the earth’s surfic'c. In hy far the greater nnmhcr of 
placiOR, the line of true iirirth and south is more or Ic^s departed from. In certain localities 
the dqiartm’c is very great ; thus, for examjde, in Greenland the magnetie -needle actually 
points east '»nd west ; and PiiiTy even found tliat in one part in the west of Greenland 
the north polo of the magnetic-needle actually tnms to the south. In Prance the mag- 
netic m/ ridiun, or line in which th ' trcely-siispended net'dle comes to rest, is nearly ' 
coincident with the astronomical meridian, only differing from it hy 22"^ towards 
the west ; thus giving rise to what is called in a gn. ‘tic declination, or variation. A few j 
centiirif's ago there was an absolute (vnneidonce between the magnetie and the astrono- ' 
mical ra n’idiaus — there was, in point of fact, no magnetic delli'cjtion or variation. i 

Imropondeiitly of its northeni and southern directive tendc'ucy, the magnctie-nt*edlo j 
is subject to the influence of what is eall(’d tJie magnetic-dip. The dipping-needle con- I 
sist.s of a magnetie-noedle poi-stnl in such manner that it ran move in a vertical plane, I 
wlu'Ti the influence of dip will bo rendered manifest in a way b('st illustrated p<Tbnps by i 
the following (‘:ise ; — Premisiug that a new magnetic steel-needle may bo readily mag- i 
notizod by contact vith a miign('t, it is evident that such a non-magnetized ne(‘dle may | 
b(‘ so poised on a pivot, or suspouded hy a string, lliat it sjiall lie iu a perfectly horizontal , 
direction. If, whilst lyii^g thus, it be suddenly magnetized by contoct, and if the opera- 
tion bo ])crfonned anywhere in tin* iiortlii'm htmiisphere, the horizontality of tho mag- 
netic-needle will be iinmediaU'ly dc'parti*d from, and tho northora extremity or pole will 
he drjirossod. If the experiment bo performed anywhere in the southern ht'miBphere, 1 
then the .hoiizontality of direction will also bo departed from ; but it is the southern 
extremity now of tho niagnetic-ncedlo that will be depressed. Tho amount of the 
depression or dip is various for different parts of tho world. At a certain line, not 
quite correspondent with the terrestrial ei^uator, the needle lies horizontally — there is no j 
dip ; this line corresponds with what is colled the magnetic equator. Tho average j 
amount of dip for tliis part of Europe is about 70"’ nortli. Proceeding towards 
tin) north, the dip continually incivases ; and it attains its maximum at the north magnetic 
polo, which, howf'ver, is not coincident with the terreatrial north pole, hut some distance 
removed from it. 

As the nortiicm magnetic-dip goes on increasing as we pa.sfi towanU the north, so 
does the southern magnetic-dip go on increasing wlieii wo travel in the apposite direc- 
tion ; but the magnetie phcuoinena of the southern hemisjihere have not been st) 
accurately studied as the phenomena of the northern. Here it should he remarked that 
some confusion has arisen for' want of accurately defining the mu'aning of the term mag- 
netic pole. Sometimea it has be m held to signify the twm points of greatest magnetic 
energy of tiie whole earth, independently of tlui collateral energy due to the operatiQii of 
local causes; at other times it ha.s been held to be synonymous with the point exhibiting 
tho greatest influence of tliese l(A;al causes. Adopting the latter idea, Romf‘ writers describe 
two northern magnetic poles — one in Siberia, the other in Nor^th America ; hut this seems 
an unphilosopliical application of the term, polarity. Accepting the term magnetic pole* in 
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its first souse, it irill be easy to see that one of the northern magnetic poles, at least, cor- 
responds with iho point of greatest cold. 

Variations of Terrestrial Magnetism , — ^These may be divided into regular and irregular. 
Tlic former arc dependent on determinate causes ; and though the causes of the latter be 
not doterminato, tmalogy fiamiahea us with a plausible explanation of them. Referring 
to magnetic variations of the determinate kind, they wiU be found to present a correlation 
with variations of temperature. Some time during the morning the north polar extre- 
mity wiU have attained its greatest variation towards the east, and shortly pa^t noon it 
will have deviated towards the west of its normal meridian ; it then returns eastward 
again, and about midnight it will have assumed a deviativo jiosition almost similar to 
'.luit wliich it had in tlio morning. ' Those oscillations have not the same amplitude at 
alJ limes of the year; Uiey arc gr-eatcr in summer than in winter—groater on a warm 
and (;lnudle.ss, than on a cold and clouded day : circumstances wliich point to the thei-mal 
origin of the variations. 

7'he amount of dip also manife.sts horary variations ; a circumstance which leads to 
the infeivnce that the magnetic poles are not fixed spots Hke the geogTaphic poles of the 
earth, hut are subject to deflections. This is exactly what should res’ilt, if th(^ thennal 
theory of tcrrestrhil magnetism be adopted, • 

The regular variations of tlic magnetic-needle are so clearly referable the normal 
ofFects of solar heat operating upon the surface of our globe, that philosophers have 
universally agreed to refer them to tliat cause. But tlic influences of solar Ixeat are occa- 
sionally a bnomal; besides which, specialities of locality, the effect of casual fliivs of* 
tepid oceanic water, the influence of volcanoc*8, &c., furnish a sufficient basis for an 
a prion assumption that other magnetic variations besides Uioso which admit of being 
predicted come into operation. Hence, other phenomena of magnetic aberration wiU 
he determined — they have been studied more especially by M. Gauss ; and theii* 
dcpendance upon what may be termed an abnormal-thermal condition of our globe is 
rendered the more probable that they are coincident with irregular variations of the 
barometer. 

Three systems of lines are employed to r^resent on charts the three different values 
of magnetic declination, inclination, and intensity. These lines were denominated by 
Humboldt isogonio, isoclmic, and isodipzamic lines. 

Isogonic lines are such as connect those ports of the eartli possessing equal magnetic 
declinatLons ; and charts are fonnod in accordance with these lines, culled detlination 
charts. Inasmuch, however, as the amount of magnetic declinatioii for any one place 
is ne\’er permanent, but continually changing, these charts are only reliable for shoit 
successive periods, and require to be frequently altered. There are, noveitheless, a few 
points on the earth’s surface where the amount of declination is permanent, or very 
nearly so ; the most remarkable of these arc Spitzhergen and the werteni parts of the West 
Indies. The most important and most remarkable of all the isogonic lines is that coin- 
ciding with places where the magnetic and astronomical meridians exactly coincide ; 
and w^here, consequently^ the needle points due north. In the year 1657, this line passed 
through London, and two years later through Paris. • 

Isoclinic Ihies are such as connect parts of the earth which^are characterized by the 
same amount of magnetic inclinations. Charts of tliese linos exist imder the name of 
inclination charts. The most important of these linos is the one corresponding with the 
magnetic equator ; and at which, as before explained, the dipping-needle has no iticlina« 
tioh. The magnetic and the terrestrial equators cut, as was botore explained, and the 
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points of intersection continually vary. In 1825 one point of intersection of the two 
equators occupied a position near the Island of St. Thomas, on the western coast of 
Africa, being distant about ISSJ"* from the South Sea node ; between 1825 to 1837 the 
former node shifted 4° westward. On the Brazilian coast the magnetic is situated 15° 
south of the terrestrial equator. About one-fifth of the magaetic equator cuts the sur- 
face of the ocean. 

Places at which the intensity of magnetic force is equal are said to be isodynamic, 
and on charts are represented as being cut by isodynamic lines. Generally the intensity 
of magnetism may be said to incroaso from the equator to either pole ; nevertheless, 
isodynamic magnetic linos neither run parallel to the magpietic nor to the terrestrial 
equator. H’he minimum of intensity occurs near the coast of Brazil. The maximum 
of magncric intensity is about t'wico the minimum. 

Causi of Terrestrial Magnetism , — Reference has already been made to the influence 
of heat in causing perturbations of the magnetic-needle. Wc shall presently find that 
the very existence of terrestrial magnetism is ultimately referable to heat. 

When treating of the thormoscopo of Nobili, some mention was made of tlie function 
of thermo-electricity, and the conditions necessary for bringing it into operation. It will 
now be' desirable to discuss the properties and conditions of this function more closely. 

Nothing can be more certain than the correlation which subsists between heat, elec- 
tricity, and magnetism. It is impossible to produce an elevation or a depression of 
trmperature without producing at the same time a manifestation of electrical excitement. 

' This will be demonstrated hereafter under the head of Electricity. For present purposes 
it will be sufficient to establish the law of electro-magnetic excitation, and to show in 
what manner it is in some cases ultimately referable to the operation of heat. Long 
before the precise depen dance of magnetism upon elccti'icity was known or suspected, 
the connection subsisting between them was assumed. Pieces of steel were frequently 
rendered magnetic during thunderstonns ; the polar tendency of magnets already existing 
was reversed by the same cause ; and at a later period in the progress of electrical experi- 
ment the discovery was made that a small stcel-nocdle might be converted at pleasure 
into a magnet by subjecting it to the influence of a wire helix, acting the part of an 
electrical conductor. 

The experiment in question is very easy, and as follows : — Within the coils of a wire 
helix (see Fig. 60) a needle, enveloped in paper or somo equivalent imperfectly-con- 
ducting material, is laid. An electric discharge then being transmitted through tJie 
conductor, and the needle removed, it will be found to have acquired magnetic pro- 
perties, indicated by its quality of attracting iron-filings at either end ; by its north polo 
or end repelling the north pole or end of a known magnet, attracting the opposite, and 
fiee versa. 

Looking at the conditions of this experiment, it will be jicrceived that, whatever 
connection between the producing electric cuivent and the produced magnet there may 
be, the electricity has been acting tangontically to the long axis of the needle. This is 
an important point, for we shall hereafter see that the same tftngontial relation con- 
tinues to subsist in alk subseque nt experiments resulting in the formation of electro- 
magnets. t 

Common or frictional electricity does not furnish the operator with a moans of 
proceeding far in his examination of the relations subsisting between electricity and 
magnetism. The aid of voltaic electricity is required, as in the following experi- 
ments : — If a metallic wire be twisted into a helix, as represented in the following 
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diagram (Fig. 60), and a bar of iron, previously enveloped in paper, inserted within the 
helix ; if now a current of voltaic electricity be transmitted through the wire, the iron 
bar will for the time-being be converted into a magnet. This experiment is, indeed, 
similar to that already indicated, with the exception that an iron bar instead of a steel 
needle is employed ; the fact Tt>®ing though 
steel, when once rendered magnetic, retains the 
magnetic influence with much permanence, iron 
is more readily amenable to the same influence, 
and is therefore commonly employed in these and similar experiments. Instead of 
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using a plain wire, it is better in practice to employ a 
wire covered with flax, or cotton, or silk fibre, or with a 
layer of gutta-percha, when the necessity which previously 
existed of enveloping tte bar in paper ceases. Coated 
wire of this description is extensively prepared by manu- 
facturers of gutta-pcrcba. 

The influence of voltaic electricity in determining mag- 
netism is still more evidently manifested when the iron bar, 
instead of being straight, is bent into the horse-shoe form 
as represented in the accompanying diagram (Fig. 61) ; 
and the power of the developed magnet is greater if the 
number of helical turns be increased. Usually, therefore,^ 
in practice, several wires are soldered together at either 
extremity", as represented in the following woodcut (Fig. 


62). In all these instances, the circiimstance will not fail to have been noticed that the 


magnetic power is developed at right angles, or tangenti- 
cally to the direction of the passing electric eurrenl. 

Voltaic Conduct mff Wh'cs are themsclres Magnetic. — 
If a wire conducting voltaic electricity be brought in 
proximity to iron-filings, it attracts the latter just as a 
magnet would do ; thus begetting a strong a priori assump- 
tion tliat sncli conducting wiiv, for the time being, is itself 
magnetic. Jsow, if the assumption be well founded, of 
coui*se it should exercise the usual influences of attraction 



and repulsion when a freely-poised or freely-suspended magnotic-needlc is brought into 
its vicinity. Si|oh influence is found to he manifested ; and thus wc shall presently sec 
that all the hi therto aiiomalou.#tangcntial influences arc lucidly explained. Firstly, let us 
not discard the illustiution prcsimted by the attraction of iron-filings with the conducting 
wire, without deducing from these phenomena an important coroUaiy. 

Assuming A B (Fig. 63) to represent such a wire, and assuming, as is really the 

fact, that the iron-filings 
are attracted all round the 
fl surfage of the wire, it is 
evident tliat the magnetic 
pofarity is developed in 
Fig. C3. ^ lines at right angles to A B 

— that is to say, in the directiem of c d ; whence it follows that siush conducting wire 
is a imagnet at right angles^ to its length. 

This point is very strikingly illustrated by the following contrivance ; — Z C (Fig. 64) 
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are respectively plates of zinc and (wpper, oommunicating with a wire in such manner 
that a current of electricity passing from one plate to the other 
must necessarily pass along the wire. Now, the instrument 
here represented may he caused to swim, by means of a oork- 
float, in a basin of dilute acid, yhen it becomes an active 
voltaic combination; and, inasmuch as the liquid support 
admits of the free motion of the instrument, allowing it to 
turn in any dii-oction, the vertical plane cut hy tlie wire 
ring should, provided magnetism be developed, assume tlie dii'ection of the magnetic 
meridian, i.e\ nortli and south. This it is foimd to 
do — again illustrating the proposiiioti, and more 
plainly tlian btjfure, that a wire conducting volteic 
electricity is magnetic at right angles to its long 
axis. Not only docs tliis remark hold g(»od, but 
the two magnetic polarities have a detiiiite rela- 
' tion to the transverse section of the wire ; one 
definite side of the plane always pointing north, 
whilst the other ntici'ssarily points south. If the 
conducting wire, instead of being bent into a mere 

ring, be twisted helically, as represented in Fig. 6o, the magnetic conditions developed 
Avill be stiU more evident. 

Tliis was a form of wire devised by Ampere, for the puipose of demonstrating the 
magnetic character of wire in the act of transmitting olcctrie currents. l’h(‘ forms of 
apparatus in question may he delicately susiiended or converted by means of pieces of 
cork and metallic idates into lloating anangement.s. Thus aiTang(‘cl, the flat spirals will | 
always arrange themselves in the direction of north and south ; one definite side of tJic 
coil always corresponding to one invariable direction <d’ the tdcctric cniTcnt, In confor- 
mity with princijdes already enunciated, each coU of the flat helices may be n'gai’di'd as 
a separate magnetic pole. 

If, now', W'r‘ carefully investigate the law of this developed magnetism by means 
of a freely-poised magnetic-needle, it will at a first glance appear to be altogether 
anomalous. Thus, if a voltaic condueting-wire be held in sue- I 
cessivcly different relations to a magnetic-needle, tho needle wflll 
seem to be deflected according to no recognizable rule ; but further 
examination deinonatrates not only tho existence of a law^, but demon- 
strates the seemingly irregulai motion# to be still due to the ope- 
ration of the tangential force already de8cril)Dd. 

The following simple rule will, under nil circumslanccs, serve to 
fix the direction .)f the polarity of a magnet developed by electrical 
agency in the mind • — Let the reader assume that he, himself, is 
the (doctrical conductor; that tho one fluid theory of (doctricity is 
adojjted ; and, finally, that the cuirent passes in at his head and 
emerges at his feet. Let him now conceive that he holds in his 
hand, hnd directly in front, a freely-poi.sed magnetic-needle, und<T 
which circumstan(;eM the north pole of the magnet wn)uld always 
I Fig. 66. he deflected towards Jiis right hand. In accordance with these facts, 

\ and in illustration of tliem, the following diagram (Fig. * 66) has been devised. ^ It 
f is a soldier, w^ho holds a musket in his hapd ; the bayonet of which musket is 
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assumed to stand for tfee north magnetic polo. Suiqwsmg, then, a current 
to pass in at his head, and 
emerge at his fbet, the bayonet 
would invariably be directed 
towards his right hand. • 

■\Ve have next to consider the 
effect of causing an electric 
current to encircle a frcely-sus- 
pended magnctic-neodle in a 
plane (‘oincident with its axia, as 
ri'prcsontcd in the accompanying 
diagram (Fig. 67). Hcfleetion 
on tlu* circumstancjfl of this 

case wnll render manifest, that Fig. w. 

each part of the wire thus arranged wnll tend to produce the same general r€*ault — | 
TiaTn('ly, deflection of the needle to a position at right angles to the vertical plane in j * 

which the "wnre lies. I 

• ' 

If instead of one turn the wire l)e caused to cncnrcle the magnetic-nccc[J.e twice (Fig. j 

68), then the needle will be defietfled with . 
an energy double that efl''et<’d l*y the pre- 
viou.«» ecunhination ; and in pro-> ^ 

portion as the number of eoils is greater, so 
will the deflecting power be more con- 
siderable. 

On an appreciation of these pnnciple;s 
depends the instrument tenned the galva- 
nometer, which teaches the f(»x50 of a voltaic 
current in motion, by causing a deflection 
of a greater or lesser axis of the suspended 
magnetic-nceclle. 

The galvanometer, in its simplest form, is 
given at page 277, Fig. 30. It will be seen 
to be nothing moTx> than a close mechanical adaptation of the principles developed in the 
two preceding operations. By increasing the number of coils in a gal'v'anometer, it 
necessarily follows that its power of deflecting a suspended magnetic-ne«‘dle will be iu- 
CT(‘ased also. Accordingly, dedicate galvanometers are always formed with a compound 
coil, and are, moreover, covered by a glass shade, as represented at page 277, Fig. 31. 

In all these experiments I have assumed, for the sabe of not complicating the matter 
niTdlessly, that an ordinary single magnetic-needle has betm employed. The use ot 
such a needle, h(^wovcr, is ath'ndcd with this important disadvantage, — ^namely, the 
earth’s magnetic tendency is a force to be overcome by the magnetic energy artificially 
established. For example, the tendency is, as we have constantly seen, that a freely- 
poisc<J inagnctic-nccdle shall place itself at right angles to tly direction of a passing 
(dectric curr(mt. If then the electric current should he caused to pass in the directibn of 
north to south, the magnetic-needle should, in accordance* with the principles doveloi)ed, 
arrange itself oast and wt^st.^^ Such is the tendency, and such is the direction the mag- 
netic-needle would assume, provided the voltaic Current be sufficiently powerful ; but it 

is not difficult to conceive a (msc where, •the electric current being w^ak, the natural . 

• 
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directiYe tendency of the needle — 1.«. north and south — ^in obedience to the earth’s mag- 
netic influence, should overpower it. To obviate this interference, the astatic needle has 
been devised. The astatic needle may be described as being a double magnetic ccanbi- 

. -r . ^ nation of two noodles mounted on one pivot, the 

S' ' ' N north pole of one imedlo being opposed to the 

gg south pole of the other, as in Fig. 69. 

If the two magnets be of exactly equal power, 
then, evidently, the compound instrument would possess no natural directive tendency. In 
practice, this absolute balancing of forces is undesirable ; therefore, usually one of the 
needles is rather sbnngcr than the other, so that the slightest possible amount of direc- 
tive tendency may be maintained. 

' Cause of the Directive Tendency^ of the Magnetie^Needle . — ^The experiments already 
described, and the principles deduced from them, furnish a rational explanation of the 
directive tendency of the magnetic-needle. Firstly, it is granted that any variation of 
temperature always develops a current of electricity. This proposition the reader will 
accept as authority for the present ; but, hereafter, imdcr the head of electricity, the 
domonsfration will be made plain. Secondly, it is granted that wherever there is an 
electric current set up, there will always be a mag- 
netic energy developed at right angles to the electric 
current. If we now assume, as the proximate 
, cause of the magnetic-needle’s north and south 
directive tendency, that it does so because the 
earth itself is a magnet in the direction of north and 
south, we have only to discover the cause of an 
^loctric current at right angles to this direction, and 
the mystery is explained. Now it is evident that 
our globe is diumally heated in the direction of 
cast to west by the sun’s rays ; whence, according 
to the result of artificial experiments, there should 
also exist an electric current in the same direction ; 
and, this being so, the earth itself becomes a vast 
magnet, the one pole of which is northern, and the other southern. 

In illustration of this, the following experiment has been devised : — A hollow paper 
globe (Fig. 70) has been lined internally with o revolving copper wire, so arranged that 
it should serve as an electrical conductor. If ch-ctricity be passed through this copper 
wire, and a freely-poised magnetic-needle be placed in various successive positions on 
its surface, all the variations of deflection and dip which naturally occur may be indi- 
cated in the clearest manner imaginable. 

HilL-magnetlsm. — For a long time it was imagined, and even in this day the idea 
is popiilarly entertained that iron alone, of nil bodies, is susceplibie ot magnetism. 
Experimenters eventually admitted that the metal nickel parjicipa^cd with iron in the 
property in question, ,and the notion began to be entertained that yet other bodies 
might bo included in the^ same category'. It was by no means easy, however, to subject 
the opinion to the test of experiment, considering the known difficulty experienced in 
banishing every trace of iron« from the materials operated upon. Magncticians even 
argued that the magnetism of nickel might he only apparent, the quality being attri- 
butable to the presence of iron. At lengtli M. Biot set these doubts at rest dcfinitii ely. 
He caused some nickel to be freed from all ti’ai'cs of iron by that distinguished chemist 
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M. Thenard ; he then caused magnetio-needles to be made of this nickel ; he not only 
determined the existence of their power of attraction, but their polar directive ten* 
dency ; and ho finally discovered the ratio of their polarity by comparison with an 
ordinary steel magnetic-needle. On the result of his inquiries he established the fact, 
that the directive force of ^e nickel was about one-third of that of the steel needle. 
The needles with which he conducted his experiments were eight inches in length by 
two-tenths of on inch wide, and the weight of each was about five grains. M. Cavallo 
followed in this line of demonstration, by proving that other substances besides nickel 
were susceptible of ordinary magnetism — ^brass, for instance ; especially brass rendered 
hard by hammering. 

The term ordinary magnetism requires to be explained, and the explanation will at 
once introduce the phenomena of dia^inagmtism. The property of being subject to 
magnetic influence long known to be manifested by 3-on, and subse- 
quently proved to be participated in by nickel and brass, is ];>erhaps uni- 
versal ; but the kind of influence differs. Assuming iron to represent 
the normal kind of influence, let us consider what takes place if we 
suspend a needle of that metal in what is called the magnetic field — 
namely, the space between the two extremities or poles of a horse- 
shoe magnet. Under these circumstances, the iron needle would 
assume w'hat is termed an axial position, one end being attracted to 
the north pole, the other end to the south pole of the horse-shoo 
magnet, os represented in the annexed diagram (Fig. 71). Fig. 71 . 

Now, M. Cavallo committed the following important mistake : — He fancied that he 
had demonstrated all the bodies proved by him as being magnetically endowed, to be 
magnetic in the same sense as iron and nicked are magnetic ; that is to say, that sup- 
posing a needle of cither of these bodies to be suspended in the magnetic field, one end 
of the needle should bo attracted towards the north pole, the other end to the south pole 
of the magnet. If such were the case, th(; function now to come under notice as the 
function of dia-magnetism could have no existence. Before entering more into detail 
conccniing the properties and functions of dia-magnetism, it must bo premised that the 
position which an iron needle naturally assumes when himg in the magnetic field is said 
t) he an axial position, or it is said to arrange itself axially. If it were to assume a 
position at right-angles to the same, its position would then be doscribed as being 
equiiorial. Now, M. Cavallo believed that all bodies endowed with a magnetic tendency, 
in any degree, would manifest that tendency by assuming the axial position when freely 
suspended between the poles of a horse-shoe magnet. This, as I have already remarked, 
is an error : some bodies arrange themselves axially under these circumstances, and are 
therefore said to be magnetic ; whilst others arrange tlicmflelvcs equatorially, and are 
said to be dia-magnetic. 

The knowledge of dia-magnetism may he said to have originated with Becqucrel, 
though Coulombo and the Abbe Ilaiiy had both laboured in the same direction. The 
investigation has bofti folfcwed up with great ardour by Professors Faraday and Tindall 
in England, and Professor Pliickcr of Bonn, to w'hose published pilfers on this subject I 
must K'fer the student who desires further information relative* to dia-magnetism than 
accords with the nature of this treatise. It must be remarked, however, that when bai's 
arc made of different substances, and submitted to the influence of the magnetic field, 
those of iron, nickel, and cobalt, point axially : most probably those of titanium, palla- 
dium, and platinum, are in the same category ; but needles of all other metals assume 
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the equatorial direotioi:^ in the magnetie field, and are the]*efi>i?e The fol- 

lowing table presents a list gf maggetie and dia-znagnetic bodies : — 


HiioiCBTze Bonus. 

Iron Ocrhun 

Nickel Titanium 
Cobalt Palladium 
Manganese Hatinum 
Chromium Osmium 


Bismuth 

Antimony 

Zinc 

Tin 


Dia-Maosxtio BoniES. 

Cadmium Silyer UTanium 

Sodium Copper Khodium 

Mercury Gold Iridium. 

Lead Arsenic Tungsten 


From a consideration of the preceding remarks, it will be observed that the functionfi 
of heat, magnetism, and electricity ore intimately allied, more especially the two latti^r. 
Instead, tlicrefore, of entering upon the discussion of meteorologic phenomena, due or 
attributed to magnetism, in this it w'dl bo desirable to present the reader wdth a 

short exposition of electrical science and phenomena. 

Electricity- — Definition and Derivation of Term. — The term electricity is applied 
to comprehend a large class of phenomena, winch arc related in varioue ways with the 
operation of an invisible force, to which, founded on speculative consideratious, the 
appcllption electric fluid has been given*, not that such fluid can bo proved to exist, or 
that even it is at this time, by the majority of philosophers, supposed to exist, although, 
for the sake of convenience in illustration, the expression, electric fluid, is still popularly 
retained. 

The science of electricity is one of tlie most recent ; nevertheless, the primary phe- 
nomena on M'hich the science is based are of very ancient date. Theophrastus and 
riiny were aware that the substance amber, il‘ rubbed with silk, flannel, &c., beitame 
endowed with the property of influencing the motions of certain %ht bodies, siuh as 
feathers, attracting them under certain circhmstaaices, and repelling them under other 
circumstances *, but there the investigation of tliis class of phenomena ended. About 
the middle of the last centur)',' however, the subject w<xs returned to, recommencing 
from the starting-point of Tlwophrastus and riiny ; and from the simple fact of the 
peculiar excitation of amber luider certain circumstances of treatment, to build up the 
interesting and imi^^rtani science now known as that of electricity. 

Development of Electricity. — The first develojrment of cdoctricity was accomplished bj* 
the friction of one particular substance — amber, as we have seen; but when tlie 
attention of modem philosophers was tlirectcd to the science, they soon found tlrut amber 
only furnished one particular (jause of a resuit far more general. Many other bodies, in 
addition to amber, were discovered which, on being submitted to friction, becanu; 
electrically excited, or electrical; and to these the general term electrics vas given. 
Furthcmiorc, it was discovered that the bodies thus capahl " of electrical excitation were 
not capable of conveying away c-h'^^tricity ; wlience they w(‘re also called noii-couductors 
of electricity. Great as was the advance thus made ou the crude notions of Theo- 
phrastus and Pliny, it fell far sliort of tlie tnith, modern electricians having proA*ed that 
no real or functional difference subsists between conductors and non-couduetors, only a 
difference of degree ; ♦consequently, h»)dies do not admit of division into tlie classes of 
non-conductors and coiductors, exce^it in a conventional sense, and as a raal-ter of 
practical convenience. Experiments fully illustrative of the pro|u*iety of this, view will 
bo furnished hercafteT. • 

Though friction be the earliest observed cause of devejoped electricity, and though 
it constitute the principle on which the ordinary elcctiieid macdiine is founded, nevisr- 
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thcless it Is only ono caiuiOf and pechaps the least important, of those which tJie meteoi^ ! 
ologist has to take oognizanco of aa coming within the scope of his science. It is difft- { 
cult to say what alteration of matter, chemical and mechanical, is unaitmi^d by the \ 
deyelopment of electricity. In all probability there is none of this kind, though it | 
happens that in most cases special, and sometimes very refined, contdvanoes are neces- 
sary for rendering electrical excitation evident. A notable illustration of this is fur- I 
nished by the hydro-electric machine, fiuniliar now to many people by its exhibi- 
tion at the Polytechnic. This machine constitutes ^ most powerful instrument for | 
developing clootariiiity by artificial means known ; yet if the glass legs on which it ■ 
stands were removed, the instrument would become inoperative, and the existence of all 
the vast force of electricity which it generates would remain unknown. 

Having premised these gjnoi-al remarks concembig electricity, it will be desirable 
now, beff)re taking c jgnizaiKJo of the operation of force in nature, to present the 
student with the fundauu'ntol causes or propositions on which the science of oleotricity 
depends. In doing this, I shall avoid, as much os possible, having recourse to the elcc- | 
trieal maeliine, or any complex electrical airangements, which, though indispensable to 
the full illustration of aecondaiy electrical facts, are rather perplexing than otherwiao j 
so long as fundamental piincipk^ alone arc concerned. 

Dejiniiion of the term Eleetrk . — Any body which after having been rubbed acquires ' 
the property of attracting light substances, after the mjmner of amlxT, is an electric. 1 

W’hat bodies or class of bodies arc Electrics ? — ^Inasmuch os the act of friction will ^ 
involv(‘tl in f)ur experinu-nts having ivk rcnce to thus duiuonstration, it necessarily follows 
that only one physical divi&ion of hollies — ^namely, solids — admit of being readQy sub- 
mitted to our notice ; for tliough liipiids and gases can be subjected to friction, yet the 
contriviuu'cs for ollecting this, consLMtent with the i^equisite electrical demonstration^ • 
ai'(; so complex tliat they canuot be taken cognizance of at present, 

I sluiU assume that our ]>iesent observations are limited to three bodies — glass, j 
sc«liiig-M a\', and a metal ; each, for convcuience of manipulation, fashioned into the | 
fonn of a stick. I shall assume, morcovei, tliiit the rubbers, 
or body wherewith friction is eifeeted, ai*e of flaimel and of 
silk. By the employmi'iit of those simple mafrrials sumo 
important i< suits will he arrived at. 

Expcrimi'ut I.- -If tlie stick of sealing-wax be briskly 
rubbetl, and held at some distance (not too fai*) fioiu a aus- 
peiid(‘d feather, n'jjri'seuted in Fig. 72, Hie latter will be 
attracted to winds the sealing-wax —will attach itself to the 
latter, but the all achmoiit will not be permanent. After 
a time it will leave sealing-wax, and be repelled, 

Exiierinient 1 1. — If the jirevious operation he repeaU'd 
with a btick of glass, the feather will he first attracted, and 
afterwards reiKlled, in a precisely similar manner as he- 
fore. lienee, for aughf we at present sec, tlie kind of 
intluenee developed by frietiou on glass is similar to that 
deA'(‘h)])cd hy friction on sealing-wax. 

Experiiiu'nt 111. — Let the glass rod he excited hy friqtion, and held near the feather 
as befon\ The fi'ather will iiece.ssarily l)e first attracted, then repelled. If the rod of 
sea^ing-wa^c ho similarly eJfccdted, and held neai' the feather, which has refused to be 

furtliiT attracted t<nvards glass, it will,^e> crriicless, be attracted towiird the aealing- 

1 % • 
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I wax, aad piee verm. This experiment demonstrates that, whatever be the nature of 
electricity, this force is susceptible of two manifestations : it is, in point of fact, a dutU 
or polar force, similar in this respect to magnetism. It admits of being demon- 
strated that, in either of the preceding experiments, the rubber or body wherewith 
friction is excited always assumes an electrical polarity different to that of the body 
rubbed. 

Iksifftiation of the two Electric States. — As the two polarities of magnetic energy 
arc designated respectively noT^h and south, without which, or somo equivalent de- 
signation, it would be impossible to describe the peculiarities of magnetic phenomena ; 
so, in like manner, it will be necessary to designate the two electrical functions already 
proved to exist. Accordingly, the terms, positive and negative, or vitreous and resinous 
ehiotricities, have been long emplojrcd. The words, positive and negative, have reference 
to the theory of Franklin, that aU the phenomena of electricity depended upon the 
operation of one electric fluid. A certain class of electrical phenomena ho assumed to 
depend upon an excess of this fluid — another, or opposite class of phenomena, to depend 
on a diminution of the same. The first class of phenomena ho termed positive, the 
second negative. 

The origin of the terms, vitreous and resinous, will perhaps have been anticipated 
from a consideration of the teachings of Experiments I. and II. Glass, it has been seen, 
when rubbed, gives rise to the development of one function of electricity, and sealing- 
wax of another. Now, glass and sealing-wax are, in this respect, only the tj^pcs of all 
other bodies. 

Ooftductors mid Non-Conductors. — Referring to Experiments I., IL, and III., throe 
distinct stages of electrical condition may bo observed. Firstly, the feather, Ix'foro it 
« has been subjected at all to the influence of the excited glass or sealing-wax, pr^^sentod 
tnc condition of electric neutrality. Secondly, it presents two conditions of excitement, 
namely, attractive excitement and repulsive excitement. If, whilst the feather is undtT 
cither of the latter conditions, it be touched with various substances .surcessiveh', 
ceriain important results will be observed. If it be touched with the finger, all eloeti-i- 
cal excitation will be at an end. This effect is best demonstrated by touching the 
feather when in the repuLsivo phase of excitation. A similar result will ensue if, instead 
of the -finger, the excited feather he touched wdth any mi tal or wood, or one of numerous 
other bodies to which the term electrical conductor is conventionally api)lied — I .say con- 
ventionally, because the circumstanc’c has been already indicated that the distinction 
between conductors and non-conductors is purely one of degree, not of kind. Never- 
theless, in practice it is useful to divide bodies into electrical conductors, and electrical 
nc»n-conductors. A table, representing this di\’ision, is appended. The terms non- 
conductor and insulator are, it is necessary to observe, synonjTnous, 

COXnUCOTNG BODI^, PLACED IN THE OKDEll OF TUEIE CONDVCTINO POW'ER. 

Vapour 4 

Salts soluble in water. 
Rarefied air. 

Vapour of alcohol. 

„ of ether. 

Earths and moist rocks. 
Powdered glass. 

Flowers of Buli>hur. 


All the metals. 
Woll-bumt carbon. *, 
Plumbago. 
Concentrated acids. 
Dilute acids. 

Saline solutions. 
Metallic ores. 

Animal fluids. 

Sea water. 


I Spring water. 

Rain waUT. 

Ice above 13® Fah* 
Snow. 

Living vegetables. 
Living auimals. 
Flame. 

Smoke. 
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Dry metallic oxides. 

Oils (the he&viest are the 
best). 

Ashes of vo^eteble bodies. 
Ashes of animu bodies. 
Many dry transparent 
crystals. 

Ice below 13° Fah. 
Phosphorus. 

Lime. 

Dry chalk. 

Native carbonate of baryta. 
Lycopodium. 

Caoutchouc. 


Camphor. 

Some fiilicious and argil- 
laceous stones. 

Dry marble. 

Porcelain. 

Dry Testable bodies. 
Wood thathasbeen strongly 
heated. 

Dry gases, and air. 

Leather. 

Parchment. 

Dry paper. 

FoatLra. 

Hair, wool. 


Dyed silk. 

White silk. 

Eaw silk. 

Transparentpreciousstones. 
The diamond. 


Mica. 

All vitiiiketions. 
Glass. 


Jet, 

Wax. 
Sulphur. 
The resins. 
Amber. 
Gum lac. 


Gutta-percha is one of the most perfect insulators, but its exact place in the above 
table is yet undetermined. 


The terms conduction^ nm-cmduction^ inmlcstion^ and, indeed, most other ter%)S of 
electrical science, have reference to the idea of an electrical fluid or fluids ; And, indeed, 
however much wo are constrained to refuse our sanction to the probability of the 
existence of such fluids, nevertheless we cannot proceed far in electrical investigations 
without recognizing the convenience of many terms suggested by the assumption. 

of Bodies into Meetrm and Non^dectrics untenable, — If the experimentex try 
to render a bar of metal electrical, as he succeeded in rendering a bar of sealing-wax 
and of glass respectively electrical, ho would not succeed. The earlier electricians, 
liaving noled this result, termed the metals, and indeed all conducting bodies, non- • 
electrics ; but if the conducting property of the hand and of metals be considered, this 
division, so arbitrarily made, cannot fail to seem premature. No legitimate conclusion, 
as regards the electric or non-electric property of bodies, can evidently be arrived at 
until the body rublicd has been h(*ld by a non-conducting handle ; for otherwise, even 
though electricity should be excited, it would readily pass away. If the exx>eriment of 
rubbing a metallic bar be tried after such bar has been provided with a non-conducting 
handle, it is rendered electrical, its electrical excitation being made evident by the usual 
tests of attraction and repulsion. In conducting experiments of this kind, very satis- 
factory insulating handles may be made by enveloping one end of the bar to be operated 
on with a pio( e of gutta-percha, previously wanned by the fire, or softened by dipping 
inU) boiling water. The gutta-iwrcha should be wrapped round and about the extremity 
of the bar, and trimmed whilst yet warm by a pair of wet scissors. 

Induction. — In strict propriety of language, no one electrical function or sot of 
functions can be referred exclusively to induction. Electricians of the last century 
wore in the habit of thinking differently; they spoke of induction as if it were a 
function that might; bo Cfereised at will, whereas, in point of fact, no such exclusive 
electrical function exists. • 

If an insulated conductor, charged with either condition of floctricity, be brought 
near t?) another conductor ; the second conductor, if examined, will be found to be in 
tbc opposite electrical condition, which condition was sur^i to be induced. The term 
induced, though still employed, conveys a very different meaning to that formerly 
accepted; but a discussion oi this point is hardiy consonant with the requirements of 
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this treatise ; wherefore I must direct the reader who would know more concerning it to 
the volume of this series on Chemistry. 

Electrical Oemralizatims , — In the few remarks on the imponderable agents already 
made, it is not proposed to present the reader with more than a faint outiinc of their 
general nature and correlations. All-important though thay bo to a meteorologist, that 
importance is paradoxical, though the statement may serve as a sufflhient justifica- 
tion for treating very casually on them in a ti’oatise like the present The objects of 
meteorology are so numerous, and its topics so varied, that to devote more space to a 
consideration of the imponderable agents would be injudicious. Let us summarize, then, 
what has already been remarked concerning them, so far os relates to the subject of 
meteorology. Probably light, heat, electricity, and magnetism are all effects of one 
►cause, differently modified. Between heat, electricity, and magnetism the alliance is 
marked ; so is tho aUianco between light and heat. 

Electricity is, perhaps, the most stupendous imponderable agent with which the 
meteorologist has to concern himself, and it is the one most amenable to human control. 
Not less wonderful than tho energy of electricity is its universality ; not a drop of 
water can he evaporated by the sun, not a current of water can flow, not a leaf can 
move'or reed bend, not a breeze can skim the surface of the earth, without developing 
this wonderful force. Very short, indeed, is the task of specifying tho material causes 
of electrical energy. We have only to include every known case of mechanical motion, 
and every known caiiso of chemical action, and tho task is complete : it is one of 
universal inclusion. 

In discussing the meteoric relations of the imponderables, it matters little with 
which we begin. Already certain meteoric functions of heat have been brought colla- 
terally imder the reader's notice ; I purpose now considering the imponderable agents, 
not secondarily, but primarily. 

Phenomena of Atmospheric BrOfraction. — A sketch of the laws of refraction 
has already been given, and what may be called the normal function of atmosphejic 
refraction has been annoimced. Beferring to that announcement, it will bo 8€>en tliat 
the amount of refraction is due to incqufdity of tho density of the air, determined by 
pressure alone. But inequality of density, and therefore inequality of refractive power, 
may be the result of varying amounts of expansion, referable to tho op(5ration of varying 
degrees of heat; and tlius arise what may be termed the abnormal effects of atmospheric 
refi-action. 

Every one must have noticed the pecui’ar, tremulous condition of the air in suni- 
mcr-time over an ignited brick-kiln or near a red-hot bar of metal, or even on the 
surface of the ground, provided tho weather be snffipiently hot. This tremulous appear- 
ance is referable primarily to the expansion of air near a hot surface, and immediately 
to the diminished refrangibility attendant on such expansion. These local sources of 
heat set up local currents, each being composed of air of a different density from that of 
neighbouring currents, whence each has a different refractive power. Tliat which an 
ignited brick-kiln, or a glowing metal bar, can accomplish on, the spiall scale, is accom- 
plished on a largcit scale by many natural causes, giving rise to phenomena both 
striking and delusive. , Pictures of ships and to\vns inverted, tho vain semblance of 
lakes of water in the midst of burning sands where no water really exists, aerial 'cities, 
spectral forms of men and animals. — all these, and many more, are the phenomena of 
atmospheric refraction and reflection. ► 

One of the most common effects of irregular atmosphetic refraction is the twinkling 
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of the stars. This appearance is strictly conformable with all the teachings of theory 
in reference to the laws of refi’action, and is due to the ductuhtions of variously-heated 
currents of air. When these small aerial currents^ having different temperatures^ are 
numerous, bad weather is likely to supervene ; hence an explanation of the increased 
twinkling of stars before bad weather sets in, — a phenomenon which has been very 
commonly noticed. 

Extreme examples of Atmospheric phenomena are, for the most part, only seen in 
hot climates ; but there they are frequent. The mirage is an atmospheric phenomenon, 
in part attributable to refraction and in part to reflection ; it occurs in Egypt, and gives 
rise to the impression in a stranger’s mind, of a lake or tranquil expanse of water, though 
the region is only a waste of sand. The explanation of the phenomenon is this : — The 
villages throughout Iiower Egypt arc usually built on elevated mounds; hence tho^ 
houses are to some extent elevated above the gencrfll level of the earth, which level 
becoming intensely hot, imparts heat to the atmosphere placed in contact with it, and 
alters the refractive power of that portion of atmosphere. An optical illusion now 
ensues — the lower or heated atmospheric layer assumes a tremulous appearance, like the 
surface of a lake, on which the images of the buildings of the village are seen rellocied, 
whilsl the direct image of the village is still evident in its true position. The Eg^^tian 
mirage is so deceptive, that a stronger seeing it for the first time can hardly be con- 
vinced tliat the semblance of water is only an optical delusion. The term mirage is 
peculiar to India*, yet the phenomenon to which it refers is common in many other hot 
regions, especially in Central India and the Sahara. 

The visual inversion of objects, a plienomena not at all uncommon in hot places, is 
partly due to refraction and partly td reflection,— for, in point of fact, the function of 
reflection may be demonstrated to be only an extreme case of refraction. 

Th(' /ocff/r is supposed to be ahot, sandy region, and a date palm is the object seen inverted, • 
the explanation of which phenomenon is as follows . — The eyes of the observer being at 
w*ill firat see a direct imago of the palm-tree by rays which come straight in the direc- 
tion of the line hp; Bimultaneou.sly he will see an inverted image of the*palm-tree. Let 
us examine how this happens, lleferring to the illustration, several parallel lines wdll 
be scon, e <f <f* These are 

intiinded tt» denominate atmoa- 
jjheric layers of different amounts 
of density. Tnacing the ray of 
light h *, let us now examine 
wdiat beeom s of it. Firstly, it 
impinges on ibo upper atmosphe- 
ric layer, which is mom hot, and 
cons('(in('ntly more expanded, 
than the nex+ layer above; tlic 
ray h i is, therefore, refracted 
from the perpendicular, according 
to the law moutioiicd at page 511. 

Passing on to the next layer, it 
is refnseted still more from tlio 
perpendicular; and this refractive 
gradation is repeated on the ray h i until it arrives at mi, at which point, the tendency to 
fly fr^m tho perpendicular 8ti]l*remaiuing, this tendency is manifested not under the con- 
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The celebrated /afa morffana, wmctimes observed on the Calabrian coaat, and more 
especially at lleggio, is a celebrated example of this kind. At ccitain times the whole 
city of Messina and its environs are reflected downwards from an upixir stratum of the 
air, thus presenting an appearance sufficiently curious, hut r-by no* means the striking 
and well-defined character which tlie records of early travellers would load us to 
suppose. • 

The correlation between atmospheric refraction and atmospheric reflection, and, at 
the same time, a rationale «f the peculiar aerial visions which may occur in certain 
atmospheiio stales, is furnished by tlie diagram (Fig. 751 suggested by M. Biot. The 
line bteist supposed to be a ray of light proceeding from 5, passing thence downwards 
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to tlie poiAt f, ^hionce it is i’eflected to the obserret's eye at c. Noxr the optical con- 
ditions of this arrangomeiit are such that any rays proceeding from b helov the ray b te 
represented, \«^ould he invisible to the observer at c, whilst two images will bo seen of all 
objects above this line> Supposing the object in question to be a man, — ^suppose, fuiiher, 
the man to be walking frmn 
the observer, he would be pre-^ 
seated to the latter under the 
suceessive forms seen in Fig* 

76. 

In these atmospheric opti* 
cal delusions, involving the 

appearanc(3 of two ira.'>.ge8, one ^ 

(if them inverted, natural and inverted images live occupied a horizontal plane. 
OecasiouaUy, how over, the reduplication of image has been projected on vertical pianos, of 
which phenomenon the following is an example. On June 17, 1820, whilst lEM. Soret and 
Turine were in the 8(3cond story of a house on the lake of Geneva, they looked towards 
a ship two miles off, and making for the harbour. Immediately the vessel in ques- 
tion arnved at q she; app<*ared reduplicated on a vertical plane ; when she came to r the 
reduplication still continued, but the second image was further removed before, on 



both Wore distorted *, lastly, 
when the vessel arriviid at 
the point «, the redupliratc'd 
image had receded to a dis- 
tance still farther away, and 
both imagos, though distorted, 
presented an appearance of 
distortion very dife'ent from 
before ; tboy^were apparently 
djswn out, ekmgated both as 
^ Ifche hull and rigging, as re- 
pupiieDted in the accompany- 
ing diagrurn (Fig. 76). The 
ifl Iho explanation 
of the phenomenon as sug- 
gested by the two observers above-mentioned, aiul thunf reu>*ioii to doubt its 

correctness. 

The letters, ABC, represent an outline of the eautemhfiflih of the lake of Geneva; the 
air over that bank had, at the time of observation, been long under the shadow thrown 
upon it by tlie mountains of Savoy, whilst, contemporaneously the western bank had 
been strongly heated by the sun ; hence, from the conjoint operation of these two causes, 
there were two vertical layers of atmosphere of different temperatures, and consequently 
of different densities; htnoe, they were of two different refractive and reflective 
powers. • 

AIJ that is necessary to determine aerial reflections is a suffioient difference between 
the temperaturess of any two adjacent atmospheric layers. In the instance already men- 
tioned, this difference has been occasioned by portions of th<^ ground being hotter than the 
strata of air with which they ^re in contiguity. The revei*8e of these conditions may, 
howbver, obtain, and phantaikic atmospheric deloaons may be the result. This latter* 
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case gunerally presents itself at sea, and by no means exclusively in warm localities. 
Thus, for instance, it is prevalent enough in the Northern Ocean. Sometimes the 
atmospheric delusion has merely the effect of prolonging the appearance of an object 
really below the horizon*, sometimes not only is the appearance prolonged, hut the body is 

seen double. What- 
ever the appearance, 

“ the class of atmos- 

pheric delusions now 
under consideration 
are usually seen ncai* 
the horizon — a posi- 
tion where the optical 
powers of the atrnos- 
pheix' attain their 
greatest intensity. 

The Aainbow. 
— Tlie most Ix'iiiiti- 
fiU of all lumin 
meteoKdogic plit u. ■ 
mena is the nii n • n -w, 
which T< “suits from 
tlie dccouiiK^sition of 
light by refraction 
thnaigh drops of 
rain, and subsequent 
rcUcciion. ttainbo^t^s 
art' of two classes, 
fM>lar and lunar ; the 
latter, however, are 
rare, and even whim 
they do ocourtho 1k>w 
is seldom colourtal. 

The chief condi- 
tions under which a 
solai* rainbtiw may 
occur arc the follow- 
ing : — Ihc sim must 
^ not have It'ss than 

' 42’ of angular cle- 

Fig. 77. vatioii ; the hack of 

the spectator mmst he 

towards the sun, ang rain must be falling from a highly illuiiiinated cloud. The rain- 
bow is usually double, and the theory of its formation may bo thus explained. liCt it 
be assumed that a straight line passes from the eye of the observer through thj sun ; 
then this line will constitute^the axis of a cone, the base of which will be the rainbow, 
and its vertex the eye of the observer. If the how be at the horizon, and the jdaco of 
observation be a level plain, then the rainbow 'wull appear us a perfect circle constituting 
the base of the cone. This complete circular^ appearance is, however, rare, the rainbow 









THE EAINBOW. 


535 


being far more generally, as its name implies, a mere arc of coloured light The expla- 
nation is now evident of the fact that the rainbow cannot appear whe^ the sun has at- 
tained an elevation greater 
than 45“. The rainbow, 
though still depicted^ is de* 
picted below the horizon, 
and is, therefore, invisible. 

It follows, then, that the 
size of tho visible rainbow 
is inversely to tbo eleva- 
tion of the sun above the 
horizon. 

The annexed diagram 
(Fig. 78) illuati-ates tho for- 
mation of the rainbow. Tho 
strai>rlit line A P is supposed 
to bo drawn between the aim 
and <h<' eye of tho observer, 
passing through the latter. 

'J'hrongh this line a vortical 
plane is supposed to be drawn. If the line A a? be drawn through A so that the angle ^ 
P A ar shall amount to 42“, the ram-drops will reflect coloured drops to the eye. 
Assuming the lino A a; to rotate, «l cone will evidently be generated, part of which, 
lying below the horizon, will bo invisible. It is tho surlaca of the cone thus generated 
which is the reflecting surface, and to which^ therefore, the rainbow is due. Inasmuch 
as every colour has a refractive quality peciiUar to itself, each drop only represents one 
tint to the eye. An arc having the breadth of about 2“ is sufficient to include all the 
pri.«niatic colours ; 2“ therefore is about the breadth of the rainbow. 

'rii(’ colours of the rainbow are portly due to i-efraction and partly to reflection, as 
has been ol>s<?iTed. The first effect of light on tho drops of rain is refraction, by the opera- 
tion of which white light amves at tho posterior side of each drop of rain, decomposed or 
dissected into the primitive colours of which it is composed. At the posterior aspect of 
each drop of rain the dissected colours are reflected unto the eye, and a coloured image 
is prr.scntcd. 

Such is an explanation of the theory of the primary rainbow — ^besides which, the 
surroniuhiig rainbow requires to be noticed. The secondary rainbow is outside the pri- 
mary, and is larger than it, but also much fainter. Its angular position is defined by the i 
limits 50“ 59' and 54° 9', measured witli reference to the axis Az. Tho secondary rain- 
bow has aU the colours of the primjyry, but less completely defim^d, and in a reverse 
order. Its existence may be explained by the statement that it is tho result of light 
twdee decomposed, whereas tho tnio rainbow is the result of light only once decomposed. 
The secondary rainbow, 4hcii, is produced by drops of water verj' far off. 

Inasmuch os any angular elevation of the sun above 45’ is facompatible with the 
existence of a rainbow, it is ervident that this beautiful meteor rfian never occur in the 
south. It may fvicur, however, either in the east, west, or north. 

As concerns lunar rainbows, they ore, os I have befow remarked, exceedingly rare, 
and are very seldom coloured. Nevertheless, in northern latitudes, where the moon 
ehflics with a brilliancy unknown to us, coloured lunar rainbows are occasionally seen* 
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XalM Md Vadiella* — ^These meteoric pthe^omeiui arc far moio rare with i» 
than in more northern latitudes, where they are contmuously visible for long periods of 
time, and give rise to phenomena of extraordinary beauty. The term is ap|died to 
a luminous drcle occarionally seen around luminous bo^es, more particularly the sun 
and moon, and is partly due to t& r^netion of light by r<%pQfrom water, sometimes in 
the form of true cbuds, sometimee notf and partly to the properties of light termed 
diffinctioQ and interference. As reE^ota diffiraction, the circumstance has been already 
announced that when light passes through a minute orifice — such, for example, as a 
small aperture punctured in a card — ^the edges of such light bend : this is termed dif&ac- 
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tion. The tenn, interference of light, is used to explain the phenomena of colour, or 
alterations of luminous condition generaUy, which result from the assumed jarring 
impact of luminous waves meeting in different phases of their vibration. 

Solar halos frequently exist, tho\igh unnoticed, the sun’s light being so powerful that 
the eye of the observer cannot withstand its impressions. By the aid of a sheet of glass 
rondeicd dull by smdke, these halos arc fi^uently rendered visible. 

Although halos, and also the phenom^ia next to be described, ate referable to the 
action of atmospheric moisture on luminous rays, yet it is evident that the condition of 
that moisture will vary according to temperature ; in other v:ords,Lthe aerial moisture 
which would be m»5rS cloud-viesicles at temperatures above the tieeamg-poini^ would, if 
depressed below 32° F.^be converted into snow, or spiculso of ioe. The alteration which 
these are oapablo of eilEbetmg on luminous rays being far greater than mere uncongealed 
vesicular water Can effect, the resulting optical phenomena are far more brilliant and 
remarkable. Hence in northern latitudes the phenomena of halos and parhelia, — as arcs 
of light appearing near the sun, and sometimes intersecting each other, are called,— •nre 
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brilliant and impressive beyond anything which, corresponding phenomena ooeniwg in 
this region would lead us to conceive. These luminous arcs, sometimes intersecting 
each other, are as often occasioned by the moon as by the sun. As the phenomena in 
question, when referable to the latter cause, are demonstrated parhelia^ so when de- 
pendent on the former cause they are ifstmoi paraaelmm. 

Frequently parhelia 
and poraseloDSQ consist, 
not only of the inter- 
secting arcs just men- 
tioned, but of circiilar 
luminous meteors to 
which the term mmk 
are especially'' ap- 
plicable. Associated 
with parhelia, and some- • 
tim^^3 included under 
the same name, is a 
luminous band, passing 
horizontally through 
the sun, and not iin- 
frcqucntly making a 
circuit of the whole 
heavens. Where this 
luminous band and the 
inner parhelion cross, a 
mock sun usually ap- 
pears, as represented in the accompanying diagram (Fig. 80). 

Aurora Borealis. — It has already been indicated, under the head of electricity, 
that various circumstances materially operate to produce the condition termed electi’ical. 

By fur the best-studied of atmosidierical electrical phenomena are thunderstorms ; but 
it is an error to suppose that the atmosphere oontains at the time of a thunderstorm 
its maximum of electricity ; the experiments of Faraday have sufficiently made out 
this point. 

lleserving the consideration of thunderstorms for the present, I shall introduce here 
the Bubjijct of electrical phenomena by a description of the aurora borealis — a phe- 
nomenon sometimes said to be magnetic, inasmuch as the magnctic-needlc is strongly 
afifected during its prevalence, but which, uevertheleBS, seems more naturally to belong 
to electricity. 

The term aurora hareaHs, or northern light, is applied when the phenomenon to be 
presently described occurs in the north ; and the term aurora amtralU is applied when 
it occurs in the south. But the former has been seen as far south as 45® of southern 
latitude ; and the iattemhas more than once been visible in Britain. Nevertheless, the 
beautiful phenomena of northern and southern lights arc mos9 prevalent towards the 
norpi and south poles respectively. • 

Northern and soutl^em lights, when in their greatest perfection, consist of a well- | 
defined are of white light, and luminous streams of coloured light flowing therefrom. 
The arc is not permanent as in the rainbow, but bends and twists in all directions 
Iflce a ribbon agitated by the wind. Tho intensity of the aurora varies wi^iin ex- 
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tcnsiTe limits : vheDi faint), the ligiht is oiily recognizable at night b j careful examin&tian ; 

but when highly developed, the aurora boreal^ 
or australis, can be seen during broad sunshine. 

These phenomena may occur at any season, 
but they are most |!revalent in the months of 
March, September, and October, or about tho 
period of the equinoxes. The aurora borealis 
and australis arc sometimoB ’said to be magnetic 
storms ; a more reasonable foundation is required 
for the remark than is supplied by the tur- 
bulent agitations of tlie magnetic-needle with 
which they are attended ; but we have already 
seen that the functions of magnetism and el(‘(!tri- 
eity are so nearly connected, that it is impossi- 
ble in some cases to distinguish between tlie 
two. 

There is a very common electrical cx]>rrimont 
which furnishes an artificial phenomenon very 
nearly resembling tlie northern and southern 
light, in all respects except in the shape of tlie 
illuminated body, which is a luminous arc. 

The experiment consists in exhausting, by 
means of an air-pump, all the air out of a glass 
tube furnished with a metallic point at eacli end, 
looking internally, and placed in the electric 
When a stream of electricity, of adequate hr- 
tonsity, is pa.saed through the apparatus from to — , the w'holo intciior of the tiik' 

becomes illuminated with flashes of light, very similar ir appearance to tho fla.shes of 
the aurora. 

Tlie phenomenon of tile aurora borealis was noticed by Aristotle and Pliny, although 
neither philosopher could have seen it to advantage. Gassendi fii'st originated the 
term aurora borealis, to indicate the phenomenon of this kind observed by liim on 
September 12, 1621. These phenomena appear to be subject to some laws of secular 
variation not yet understood. That they have appeared in certain years, and certain 
groups of years more than others, is cci-tain. According to Mairan, tw’ciity-six 
occurred between a.d. 583 and 1364; thirty-four bctw'oon 1446 and 1660; sixty-nine 
between 1661 and 1692; seventy botw'oen 1693 and 1633; thirty-four between 
1634 and 1684 ; two hundred and nineteen between 1686 and 1721 ; nine hundred 
and sixty-one betwreen 1722 and 1745 ; and twenty-eight Ijctwoen 1746 and 1761. 

After 1 790, auroras iMHjainc unfrequent, but since 1 826 they have been on the in- 
crease. A very remarkabio aurora borealis occurred in tho autumn of 1847: it w'as 
conspicuous not only in England, but even so far south as Itedy'and 'Spain. 

Height of tJte AuAra . — As a proof of the dt)ubt which exists concerning tho ludght 
of the aurora, they havss been variously estimated from 3000 or 4000 feet to seroml 
miles. The probability is, that the conditions on wliioh the aurora depends vary in tlie 
altitude of their operation ; bift the truth is, that., notwithstanding the electrician by bis 
artificial experiments can imitate the light of the aurora borpalis and australis, notwith- 
standing the prevalence of the phenomena in question near the magnetic Doles seems to 
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ciirront, as represented in Fig. 81. 
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point to magnetic agency as the cause, our real knowledge concerning the aurora 
borealis and austi-alis is very slight. 

It may bo as well hero to present the reader with a summary of the various opinions 
which have prevailed at different times relative to the phenomenon in question. Many 
early writers referred the* appearances presented to mere optical causes, considering 
thorn to be due to the reflection of the sun’s light thrown upwards by a mirror of snow 
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j and ice, and a subsequent reflection downwards by atiiiosphericj agencies. De Maiiun, 
llic t>bserv(*r who, perhaps more than anyone else, is entitled to be considered the chroni- 
cler par { revUmee of the phenomena (»f the aui-ora, attributed them to the penctmtion of 
nur planm at certain periods into the solar atmosphere. On this supposition it will bo 
remarked, that the solar atmosphere must be assumed to extend to the orbit of our 
l)lan(jt, an hypothesis totally iiTcconcilahlo with the teachings of optics and astronomy. 
The celebrated Euler, the philosopher who could deal so satisfactorily with the ahstrations 
of number and quantity^ seems to have offered a most crude and improbable theory ex- 
planatory of the aurora. Adopting the molecular theory of light, he assumed tliut the 
solar rays, striking against the particles of our atmosphere, actually carried particles of 
tlio latter up into the heavens to a height of more than four thtftisand mile.s, the height 
at which Euler believed auroras to exist. Some philosophers^ of whom Volta may be 
regarded the Coryi)h®us, adopted a chemical theory of auroras, referring them to the 
ignition of hydrogen gas spontaneously generated on tWfe earth, and rising by its light 
specifle gravity to the higjier atmospheric regions. It was assumed by these philoso- 
phers that the evolution in question to(^ ph»ne in the tropical regions chiefly , and tiiat 
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i|p was wafted by the upper curront of air— treated of in connection with the trade-wind— 
to the north and south poles respectively. 

Halley was the first, I believe, who suggested that the phenomena of aurora borealis 
and australis might be due to the passage of magnetism firom one magnetic pole to the 
other ; and the theory of Halley is so far retained, that the<aurora is assumed to be in 
some way connected with electricity and magnetism, but in what manner is beyond the 
competence of observers to decide. 

On tlie Plianoincina of Thundov and Xilghtning. — Perhaps no mctcorologio 
phenomena are now so wdl understood as those ; though,, before electrical science had 
been studied by the phlosophers of the last century, and the crowning experiment of 
Franklin performed, the phenomena of thunder and- lightning were so mysterious, that 
(Vven philosophers were content to refer them to the operation of an occult cause. 

The intimate study of elcotrical scicuco opens a field of somowhat abstruse matters 
for consideration ; the field is far too wide and too abstruse to be dealt with satisfactorily 
here. In the treatise on Chemistry of the Imponderable Agents, belonging to this 
series, it has been treated somewhat in detail ; and to this I must refer tho reader who 
desires to know m<ws on this subject than strictly belongs to the necessities of what I 
may telm proffHcal imimrology. 

With this €i 5 )lanation I shall not hesitate to adopt tho term eleetm Jluid, although 
the reader has already been made aware that no such fluid is at all likely to exist. Lot 
us now contemplate tho phenomenon of that electrical excitation, the solution of which 
* is lightning, under the simplest conditions that the phenomenon can assume. Let A and 





B (Fig. 83) represent two clouds, which, being made up of watoiy vesicles, aj« neces- 
sarily electrical conductors ; and being surrounded by the atmosphere on all sides, are 
necessarily insulated. For the sake of our illustration, it will now sutBce to assume 
that neither of the clouds here represented is electrically excited at this period of 
the description, and hence that the marks 4- and — ore for the f resent misplaced. I^et 
it now be aseumed that the doud A becomes positively electrified, — ^that is to say, 
charged with positive ejpctricity, owing to some natural cause unnoessary hesr^ to 
explain; and let the results of this condition be traced out. Firstly, tlioro is not in all 
nature, and there eanmt be, such a condition as that of independent electric excitation ; 
in othOT words, there cannot be one body positively excited without the co-cxistenoe of 
another body negatively excited. Hence, if cloud B were away and cloud A positively 
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excited, the air circumjacent to A would aasume the second or negative function ; but 
if the cloud B is present, it therefore becomes negative, and the two cloUds A and B are 
mutually attracted, because opposite electricities attract each other. Hence they ap- 
proach until the space of air between the two is insufficient to restrain their mutual 
elccti ic tension : this condi^on having arrived, a discharge takes place, precisely analo- 
gous to the discharge of a Leyden jar. Under the postulates of our experiment, the 
discharge, or lightning flash, takes place between the two clouds A and 

It follows, however, from the consideration of known electrical laws, that just as 
the two oppositely electrified bodies may be two olouds as assum^ so also may they be 
one cloud, and the surface of ‘earth or water, or conductors placed upon either one or 
the other, under which conditions a downward discharge will take place ; and generally 
electricity will always take the nearest path between any two bodies oppositely charged^ 
the conducting facilites being equal. * • * 

Xiightniiig-Condiiotoxs. — It is almost unnecessary in these days to announce 
that Franklin, in the year 1762, first demonstrated the nature of lightning by drawing 
electi ic sparks from the string of a kite, previously caused to ascend into the region of a 
thunder-cloud. This experiment performed, the connectioa between lightning and 
electricity could no longer be doubted, and a means of drawing ofl a surcharges of the 
electric fluid by lightning-conductora was immediately suggested. The most important 
instruments were not adopted, however, imtil after numcious and varied conflicts. 
Firetly, the argument was adduced by some that lightning-conductors could not be 
adopter! without impiety, being intended to contravene the will of Providence, An • 
argunumt so fallacious was no soom*r abandoned than lightning-conductors wore ex- 
pos('d to another ordeal, founded on an erroneous practical estimation of a ti-uth in 
theoretical cloctrie.ity. I allude, as the electrician will perceive, to the contest between 
the advocates of spherical, and of Y)ointed, terminations for electrical conductors. • 

K'ow, regarding the question of points or spheres abstractedly, it is easy to see that 
prcfenmcc should he given to the former, inasmuch os points draw off and give issue 
to the electric fluid in silence, whereas spheres draw off and give issue to electi-icity 
in sparks ; but, inasmuch as the largest spherical termination ever used, or ever likely 
to be used, for the upfuT extremity of a lightning-conductor, is virtually a point in 
eomiiarison nrith the enormous surface of tlie smallest thunder-cloud, the dispute, 
though violent and prolonged, never had tlic practical significance which was at one 
time takni for granted. 

The history of lightning-conductors furnishes a remarkable illustration of the 
difference between the mere knowledge of a fact, and the confidence or conviction 
nfsulting from that knowledge and justifying its prac.tical application. The whole 
th(‘oiy of lightning-conductors was almost as well kuown half a century ago as now ; 
yet it is only within the last few years, and owing to tlio unflagging perseverance of 
Sir W. Snow Harris, that duo effect has been given to the theory, and lightning-rods 
have been fearlessly applied. 

Mectrical Principles connected U'ith Lighfniny-cmductors , — The electrical principles 
on wliich the efficiency of lightning-conductors depend are few^nd simple ; they all 
admit of being readily demonstrated by electrical experiments artificially performed, 
and they have been universally justified by the result of three practical applications : — 

(1.) Electricity cceteris paribus follows its course thrqiiyh the best condiustors which 
happen to he in its path. — Thus, for example, if a Leyden jar bo charged, and the elec- 
tric connection between ift external and its internal coating ho completed by three 
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linear substances of equal length — say, for example, silk, wire, and linen thread — tlnn 
wire being the best electrical conductor of the . three, will transmit the whole of the 
electricity to the exclusion of the silk and the linRn thread. It is assumed, however, 
in the performance of this experimeut, that the wire is sufficiently large to convey the 
whole electric energy. 

(2.) JProvided the &M%du4:tor be good^ and its sectional area adequate^ the electric fluid or 
energy is conveyed harmlessly away , — point in the whole of electrical science can bo 

more satisfactorily established than this. It 
admits of being illustrated by numerous experi- 
ments, amongst which the following may suf- 
fice ; — 

The diagram (Fig. 84) represents a common 
Lieydcn jai‘, n'prescntcd in the act of being dis- 
charged by the ordinaiy discharging instrument. 
That instrument is, as usual, of brass, aU save 
the handle, w^hich is of glass, and thereforo a 
non-conductor of electricity. Those who are 
conversant w'ith the form and construction of 
the discharging instrument, are aw*are that iu 
two terminal balls admit of being imscrewed. 
Assuming one of the balls, riz. the upjMjr one in the diagram, to have been unscrewed, 
*the liberated brass stem to be passed through amarTOon,or box holding guiipow'der, and 
the ball to have been again replaced, the conditions will have been fulfilled which the 
diagram i-epresents. It is evident that the Leyden jai', as represented, will bo dis- 
charged. It is, moreover, evident that the whole of the charge will be transmitted 
through the giinpowder contained in the marroon, yet that gunpowder will not itidamc. 
If, however, instead of the conditions of the last experiment, a very fine metal wire (a 
steel wire by preference) be passed through the marroon,or rather Ihiough some combina- 
tions of explosive materials less potent than aman oon, which would now' be dangerous, 
and cloclricity transmitted as before, the w'irc, not presontmg a sufficient amount of 
transverse area of surface to convey the electricity, molts, and the explosive compound 
is inflamed. 

(3.) Lateral discharge must be provided against . — The meaning of lateral discharge 
W'ill be illustrated by the following experiment :--The diagram (Fig. 86) represents, as 
before, a Leyden jar readily arranged for being discharged through a metallic win*, one 
end of w'hich has ali'cady been brought into contact witli the outside of the jar, while the 
other end can be brought into contact with the knob communicating diiectly w'ilh the 
inside of the jar. The hand is represented in the aci of holding a glass rod, around winch 
one end of the wire is coiled, and the extremity of the wire is finished off with a ball. 
All these arrangements, the electrician will perceive, ar(j necessarj'^ for giving effect to 
the efficient discharge of the Lrfjyden jar through the conducting wire. The chief poin 
for observation, however, is the band of the wire, by means of which^onc part is caused 
veiy closely to approach another part, as represented at a b. Now it is possible by 
choosing a wire sufficiently small, and causing the two bands to pass sufficiently near, to 
determine the passage of an electrical spaik from a to 6, instead of proceeding thr(Mgh 
the entire length of the wire, fiym the internal to the external coating of the jar. This 
is what electricians call the lateral discharge, and it requires to he studiously guarded 
against in the construction and arrangement of lightning-conductors. , 
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Applioatim of tlw Foregoing Leductiona. — Pei'haps the deductions already arriyod 
at will sufice for practical guidance in the matter of lightning-rods, though these 
deductions by no means exhaust the science of 
tlic subject. Firstly, the fact may be considered 
as proved, that all bodies, even the most dan- 
gerous and inflammable, all edifices, all living 
beings, may be shielded from the evil conse- 
quences of lightning, by the safeguard of light- 
ning-conductors. The conductors, however, 
must present a sufficient external area ; and the 
point has been made out by numerous trials, 
that a copper rod a square inch in sectional dia- 
meter will convey away the utmost fiiry of the 
most I'ighly-chargcd thundcr-cloud ever proved 
to exist. Copper is one of the best electrical 
conductors amongst metals ; but, by providing a 
sufficiently increasing sectional area to compen- 
sate for inferior r,onducting power, any metal 
may be made to perfonn the function of copper. 

Whatever be the conductor, its upper ex- 
tremity should project considerably above the 
edifice to be protected; and if pointed theoretically^ all the better, though practi- • 
colly tht' blimtcst termination could bo only as a point by comparison with the* enor- 
mous mass of a thunder-cloud. Far from preventing contact between the building to 
be i)rot<‘cted and the conductor, as is sometimes done by tlie inteiposition of glass or 
earthen wore guards, a lightning-conductor cannot bo brought into too intimate metaUie* 
connection mth overj" part of the edifice to be protected. The conductor should 
branch and ramify over the surface of the building, and should be brought into contact 
with evt'iy important system of metal lino work, such as tho iron pipe which fre- 
quently runs down the side of a wall ; finally, the conductor should at its lower ex- 
tremity b(i brought into contact as efficiently as possible with some good electric 
conductor, such as the system of gas or watcT-pipes which run underneath most houses, 
(‘S])eci{iJly under the streets of most civilized towns. As regards the number of con- 
ductors necessarj^ to be supplied to one building, that will depend, firstly, on tho 
shape of the building, whether it be composed of many elevations, or -whctlier, like a 
column, it has only one. Perliaps the best practical testimony on tills point is gleaned 
from the fact, that a ship having three masts, one of which only was protected by a 
lightning-conductor, the unprotected masts have been shattered by the effects of a 
thun,d(T-storm, wliile the other remained untouched. If a column bo surmounted by a 
metjiUic statue, it is worse than useless to disfigure tho head of the statue by a pro- 
jecting metallic spike as the beginning of a lightning-conductor; nothing more is 
requisite in this eatjp th^ to provide sufficient metallic conduction for the electricity 
downwards into the ground. Lightning-conductors, it should remembered, do not, 
as they arc commonly said to do, attract electricity. They no more attract electricity, 
than h gutter attracts water. They merely open a channel for electricity to pass through. 
Before Ac demonstrations of Sir William Snow Harris hj^d taken effect, marine light- 
ning-conductors were something more dangerous than lightning itself : consisting merely 
of ahains, which were only ffievated aloft after the thunderstorm had como on. Marine 
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lightning-ooadixotorB are now fixtures on the masts ; they are made of copper, naming 
band^like down the most, and embedded in the latter in such maimer that, whether the 
masts be eleyated or lowered, perfect metaUic contact between any two pair of masts 
remains uninterrupted. 

Relative Rzevaleiice of Thundenioime. — ^Thc^ phenomena of thunder and 
lightning are nowhere so violent or so fiequent as in the so-called region of calms ; 
but they are very prevalent throughout the tonid zone, more especially during the rainy 
season. Thunder and lightning are almost always absent in the polar regions ; and even 
at a spot no farther north than Bergen, in Norway, the annual number of thunderstorms 
does not average more than six. As the rule, thund^tonns chiefly occur in hot 
weather, winter thunderstorms being comparatively rare. Iceland and the western 
poast ot North America are remarkable for the predominance of thunderstorms iu 
winter, Iu Sweden, however, winter thunderstorms are almost unknown ; thus fiir- 
nishing another example of the circumstance already noted, that the Scandinavian range 
of moimtains effect a remarkable difference between the general climate of Sweden and 
Norway, though the two, geographically considered, arc so close together. 

Aerolites — 81iootuig Stars — Meteoric Stones.— The beautiful phenome- 
non ofrshooting stars is common enough ; but at certain periods it is peculiarly remark- 
able, the whole sky being filled with these fleeting meteors. The beginning of August 
and the beginning of November are noticeable for their connection with shooting stars ; 
more especially have they been recorded between the 9th and the 14th of August. I'ho 
• bouquet of shooting stars observed at this period in North America has boon sometimes 
called the Shower of St, liawrcnce. 

For our knowledge respecting the periodicity of the phenomenon of falling stars, we 
are indebted to Quotclct Besenberg and others; but Musebenbrook, so long back as 
.1762, first directed attention to the so-called sfmoer of St. Lawrence. In addition to 
, the August and November phenomena of the kind under consideration, other periods 
j have been noticed— for instance, in April, and from the 6th to the 12th of Becemlx^r : 
but these bouquets of shooting stars which thus occur ore less oonsiderablo and less 
regular than the formtir. Besides these showers of shooting stars, the periodicity of 
which is well attested, single meteors of this kind are frequently noticed, and they occur 
at all seasons ; therefore, whatever may be the cause of shooting stars, this cause must 
be regarded as continuously operating. 

Sometimes the luminous meteor termed a shooting star attains a large magnitude ; 
observers then speak of it as a fire-ball. The identity of shooting stars and fire-balls is 
now well established, though formerly they were treated of as distinct. Fire-balls arc 
sometimes seen alone, but more frequently in c/mnection with shooting stars. Their 
light and their bulk are frequently so considerable, that they can be seen in broad day- 
light. Their velocity through the heavens, or rather through the upper layers of our 
atmosphere, is various ; but it generally exceeds that of the earth. 

As regards the nature of shooting stars, we have only theory and analogy for our 
guidance ; but our knowledge of fire-balls is far more aociyute, pud there seems no 
reason to doubt that their teachings illustrate the nature of falling stars. Numerous 
fire-halls dart through our atmosphere, become luminous, and disappear, no one knows 
whither. Others, though passing near to our atmosphere, fail te enter it!; and 
therefore are not rendered viable. A third division not only come within our atmo- 
sphere, shine, and burst with a loud report, but they fall ; yet, falling either into the sea 
or upon an unfrequented spot of land, the locality of their fijtQ remaius unknown. Wlnlst 
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a fourth division of fire-balls may be seen to fall, dug out, and examined ; thus sup- 
plying data for an investigation of fire-balls in general. 

Masses of this hind are termed aerolites, and thmr coimeotion with fire-balls has been 
placed beyond all doubt. Fire-balls have been seen to fedl, and aerolites have been 
extracted iram the place '^hereon they have fallen. KeverthelesB, some aerolites have 
fallen upon the earth without the assumption of a previous appearance of luminosity. 
Oases, though rare, are well attested of an aerolite suddenly fiiUing from a small doud, 
attended with a noise resembling the discharge of cannon; others, again, have fallen 
silently, and out of the clear not the slightest trace of ebud being visible atthe^ime. 

Testimony conoeiiung ahowen of stars and the fidl of aerolites has been handed 
down to us from all periods, but it is only sinoe the time of Ohladni that the occurrence 
of these phenomena has been placed beyond doubt. • 

Amongst the best-attested examples of the*fall aerolites are the following : — On 
the IGth of ^me, 1794, a shower of stars fell at Sienna ; and in the ibllowing year, 
December 1 3^tn aerolite, weighing no less than fifty-six pounds, fell in Bngland. Threo 
years afterwards, and remarkably enough also on December 13, a fire-fall sjdit up and 
discharged roimd stones. A very large shower of stones fell April 1S03, near Aigle, 
in France ; the occun-onoe is particularly interesting on account of its havit% been 
noticed and verified by M. Biot. Ten su^ meteoric showers were observed in France 
in twenty-six years — t. between 1790 and 1815. The meteoric riiower at Aigle in 
1803, which poured its contents over a surface of two and a half French miles long, by 
one in breadth, consisted of 2,000 fragments of difierent rises, some weighmg not more 
than two drachms, others near twenty pounds. Aerolites are sometimes much larger 
than this ; one fell at Agram on the 26th of Hay, 1751, having a diameter not less than 
eighteen feet, and weighmg seventy-one pounds ; but the largest known aerolite fell in 
Mexico, and weighed between 30,000 and 40,000 pounds. * 

As to shape, aerolites are generally prismatic, or angular, rarriy smooth ; and almost 
always sheathed in a crust of pitchy blackness. Their specific gravity is various, some 
being sufiiciently porous to absorb water with rapidity, others being dense and metallic. 
Looking at tho specific gravity of aerolites in the aggregate, it may be said to vary 
betw'een 1-94 to 4-28, thus presenting a mean of about 3'5. All the heavier varieties of 
aerolite's aro made up of iron, holding a little nickel ; traces also of cobalt, manganese, 
chromium, (jopper, arsenic, tin, and other well-known elementary bodies, oie found. 

Oxigln of Fire-balls and Shooting-stais. — Various opiaions have been 
advanced to account for these bodies. One of tho earliest, if not tho -very earliest, of 
these hypotheses, originated in 1660, and assumed fallen aerolites to bo minetdl mosses 
originally projected from lunar volcanoes ; and calculations were made, having for their 
object to demonstrate what volcanic force might bo sufiOLciont to project aerolites of a 
given mass into tho sphere of attraction of the earth’s atmosphere. Unfortunately for 
the probability of this theory, the moon’s surface appears to be altogether devoid of active 
volcanoes. Then followed the chemical hypothesis, according to which it was assumed 
that aerolites were ^othi^ more than aggregations of metallic vapours, which had risen 
to tlio upper I'Gglou of the atmosphere, aggregated there, and fallen. The opinion of 
Ohladni is now, however, generally received ; he regards aerates to be of cosmical 
origiif— to be so many planets, or planetary fragments, which revolve in orbits of their 
own, variously inclined to the orbit of the earth j that aur planet encounters periodic 
shoals of these little worlds, some of w'hich, becoming entangled in the earth’s gravi- 
tating system, pass into our Stmosphere, become heated by friction agidnst its particles, 
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and ultimately fall to tno ground. Althongli the discovery of aerolites is comparatively 
rare, the meteors, of which they are the final result, are no means so. It has been 
calculated that the average annual fall of aerolites is not less than 700, or about two 
daily. 

MeteoTOlogie of Occult Emanatloim* — ^When the utmost powers of 

a refined chemistry have been applied to the analysis of atmospherio constituents and 
conditions, mucli still remains to be unveiled. There are atmospheric causes, whatever 
they^ay be, of epidemic and endemic diseases, and perhaps other agencies which our 
philosophy little suspects or dreams of. I have ventured to include these undetermined 
agencies under the general expression occult emanations. It is not difilcult to point out 
objections to this designation in some of its applications. Perhaps it is not strictly 
jihiloaophioal to B])eak of cmanatipns thus hyx>othetioally ; perhaps this may be only a 
repetition of the error of assuming the existence of an electric fluid ; perhaps the number 
of influences dne to allotropism and to polarity is greater than we imagu^ but, at any 
rate, the term “ occult emanations** may bo accepted as a rallying-point foS certain class 
of facts, until the time arrives when their true significance shall be correctly made out. 

Without invoking the hypotheses of allotropism and polarity, there are undoubtedly 
some atmospheric agencies to which the expression occult emanations is applicable, and 
concerning which the only thing occult about them is the insufficiency of ordinary 
chemical examinations to demonstrate their existence, though that existence admits of 
, being demonstrated by extraordinary chemical moons. Thus, for example, it is a well- 
authenticated fact, that the atmosphere of localities in which fever is endemic, usually 
contains minute traces of hydrosulphuric acid, and an odorous animal matter — substances 
which ordinary chemical processes faU to detect, but which, novcrtholcss, by the adoption 
of refined methods of investigation can be proved to exist. The late Professor Baniell 
was of opinion that the much-dreaded fever of Western Africa was augmented by the 
diffusion, through the atmosphere of that coast, of minute traces of sulphuretted 
hydrogen. And the circumstances under which African fever originates, are perfectly 
consonant with the above theory. The disease only prevails now on tho coast, its 
ravages being limited to a small belt, partly of land and partly of sea, Central Africa 
being comparatively exempt from its inflictions. Now Professor Danicll assumes the 
hydrosulphuric acid to he the result of decomposition, under a powerful sun, of matter 
home seawards by the Niger and other great rivers, in connection with certain sulphates 
of sea- water. Be this theory true or the contrary, there can be no doubt os to the 
truth of the assumption which refers fever, when endemic in certain localities, to a 
vitiated condition of atmosphere ; which vitiation may he generally summed up as con- 
sisting of minute traces of hydrosulphuric acid, and of undetermined animalized matter. 

Amongst other occult emanations, we can hardly refuse to admit the cause, whatever 
that cause may be, of intermittent fevers. The ultimate, if not the proximate, cause of 
this class of disease is so well known, that wo may almost produce or banish intormittent 
fevers at pleasure. Given heat and moisture continuously, ague almost invariably sets 
in, and continues its ravages as long as tho conditions of heat ^nd moisture coexist. 

What is the occuR emanation hero ? What is tho proximate cause of intermittent 
fever ? Are we to attribute the disease to the conjoined evaporation of moisture and 
heat directly^ or to some further emanation to which these conditions give rise ? Some 
pathologists have assumed thtft light carbonetted hydrogen, or marsh-gas os it is called, 
determines the disease ; but the notion hardly coincides with known facts in relation to 
this disease. Tho horizontal demarcation of altitude above which the influence* of 
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ague cannot extend, is one of the most remarkable circumstances in conneetion with 
the disease ; a difference of no more than ten feet in perpendicular height frequently 
oorrosponding with the region of fever and the region of salubrity respectively. 

The mention of light marsh-gas naturally suggests the curious meteorologio phe^ 
nonienon called Will-o’-the-wisp, (a Jack-o’-lantem ; of which gas ignited, or, according 
to some, phosphuretted hydrogen gas, it is believed to consist. The Will-o’-the-wisp is 
not a very frequent phenomenon anywhere; but it is chiefly seen in marshes and 
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churchyards,— 'the latter locality apparently adding to the hypothesis that it is nothing 
more than ignited phosphuretted hydrogen gas. 

Scarcely less accurately demonstrated than the locality of ague, is the locality of 
ycllow-fcvcr, the focus of which may be considered to be Vera Cruz. Strange to say, 
the yellow-fever is totally unknown on the Pacific coast of Mexico ; it extends north as 
far os New Oricans, hut rarely further. This condensation, so to speak, of febrile energy, 
points to some local cause — most probably of atmospheric origin ; but chemistry has 
been unable to determine its nature. 

Reflections simflar t® the above arc suggested by the contemplation of several con- 
tagious diseases ; of which the plague is a notable example. Ais scourge, although 
capable of spreading from its normal focus into regions wide aptfrt, is in certain spots de- 
termined coiiditioualJy by the existence of some unknown conditions ; and these are most 
probably atmospheric. The plague never originates in very hot or very cold regions. Its 
focus of development is Eg3g)t, Turkey, and the Levant, from which spots it can never 
bo 'said to j^e absent altogether ; hut it onl^ npi>cars with violence at intery^ala of eight or 
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ten years. Still more extraordinary tisan any of the preceding, are the varied conditions 
which give rise to Asiatic cholera. Unlike the plague and the yellow-fever, and in- 
termittents, this fell destroyer seems independent of region, recognizable limits, or 
other conditions of demarcation. From east to west it has extended its ravages, imdcr 
every vicissitude of season and of dime. Much as there is mycterious in this — absolutely 
ignorant though wo be of the proximate influences by the operation of which cholera 
and other epidemics are generated, important facts have, nevertheless, been made out ; 
and their consideration tends to allay the extreme- fear wherewith epidemics were 
formerly regarded. The most important fact in connection with this subject is, that 
epidemic influences, whatever their nature may bo, only as a rule prevail over the 
weak, exhausted, ill-fed, or mentally broken-down individuals of a community; whence 
it'happens^ that here in our metropolis the medical statician is enabled to lay his finger 
upon regions of epidemic vimlenee, as he would on the locality of a tAountain or a 
coal-fldd ; and with equal satisfaction can he point to localities wbm epidemics formerly 
raged, but whence they have been banished the art of man. 

Climatologsr* — ^Many of the efiects of heat, in its meteorological relations, have 
already ^been incidentally considered; but reference has not yet been madetotbc sources 
of beat, and to the means of its £itributi& over the surface of our planet. The term heat, 
as applied to the matter now under investigarion, may bo regarded as synonymous with 
elevation of temperature ; and inasmuch as such elevation necessarily presupposes a 
< condition of antecedent detMreaskm, we may, without impropriety, comprehend the meteo- 
rological effects of high a^ low temperatures (heat and cold) imder one and the same 
generalization. 

Central Meat of the The hypothesis was first propounded by Leibnitz, that 

l^c whole of our planet was onoe a molten mass, which by the operation of cooling, un- 
interruptedly going on in sucoesrive ages, has become superficially encrusted over, the 
crust having become adapted to the necessities of animal and vegetable life. Various 
circumstances may be adduced in favour of this notion, more partLculaily the gradual 
increase of terrestrial heat downwards, the heat of deep springs, and the evidences ot 
fusion in what geologists term the igneous rooks. Whether the idea of Leibnitz hold 
good in its entire acceptation, — ^that is to say, whether the centre of our planet be one 
molten mass or not, — there con be little doubt that all positions of the globe, at a suflicient 
distance below the surface, have at some period been submitted to fusion. Nevertheless, 
at this time, the earth’s central heat may be altogether ignored os tending to influence, in 
any manner, the climatic temperature of ovr globe. Primarily, the sun’s direct rays 
determine the climatic temperature ; those portions of the world’s surface being most 
strongly heated on which the sun shines at the greatest angle — a remark which of course 
applies to the tropics ; while those are least heated on which the direction of solar rays is 
most oblique — a remark which of course applies to the arctic and antarctic regions. But 
the latitude of a region has less connection with its climatology than might at first seem 
probable. The varying conditions of insular and continental sea level, or elevated table- 
land, valley or mountain, and still more the influence of thermfd oceanic currents, Lave 
much to do with the climatic result. The high table-land of Mexico is strongly illus- 
trative of the effect of imere elevation. The traveller who disembarks first on the 
Atlantic coast, and wanders inland, soon finds himself amidst all the luxuriance'” of a 
tropical forest, and surrounded by all the dangers of tropical existence. Still wending 
his way inland, he ascends a mountain elevation, and finds himself suddenly transported 
to a region, where, on account of its elevation, the climate has totally changed, and with 
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it the vegetation. So marked is the change, that the high table-land of Mexioo is well 
adapted to the growth of wheat, which refuses to grow anywhere in tropical lowlands. 

Of all tho causes which influence the climate of a region, that attributable to oceanic 
currents has been hitherto least studied ; yet there is none which deserves to bo scni- 
tiiiized more narrowly. iJooking at the enormous amount of oceanic surface in com- 
parison with that of the land — taking into consideration the mobility of water, its sus- 
ceptibility of thermal impressions, and tho effect of tho configuration of capes, head- 
lands, and lines of coasts — ^tho contemplative observer soon arrives at the deduction, that 
tho ocean presents to him, at least, as wide a field for investigation as the atmosphere, 
and one scarcely less interesting. “ The fauna and tho flora," says Maury, “ of the sea 
are as much the creatures of climate, and are as dependent for their well-being upon 
temperature, as arc the fauna and the flora of .dry-lahd. Were it not so, we should fifld 
tlic fish and olgnt', the marine insect and tho coral, distributed equally and alike in all 
parts of the ocean. Tho polar- whale would delight in the torrid zone, and the habitat 
of the pearl-oyster would bo also imder the iceberg, or in fngid waters colder than the , 
melting ice." The particles of water being mobile, tho ocean, and indeed aqu(Jous col- 
lections generally, arc amenable to the same law of conviction as was describyd when 
treating of the cause of winds. Hot water, being specificolly lighter than <)old water, 
must necessarily come to the surface , and for every current in one direction there must 
be a rountcr-ciUTcnt in the reverse direction, precisely in tho same manner as occurs in 
the development of a wind. • j 

Contc'mplating the ocean in its relation to tho effects of heat and motion, our original j 
ideas concerning that vast collectiofi of waters aro modified and expanded. Instead of ! 
regarding the ocean as one shapeless aggregation of briny water, it presents itself to us 
as an as«emblago of many streams, — a network of mighty rivers, each following its own 
course, each having its own temperature, its own flora, its own animals ; and thougli 
devoid of palpable banks, scarcely less accurately defined on that account. Amongst all 
tliese oceanic currents, that denominated the gulf-stream is the largest in size, the most 
important in the functions it subserves. The gulf-stream is so for from being an im- 
agining of mere theory, that the dark blue alone of its waters suffices to point out its 
limits and define its course. 

All ]iy])otheses as to the cause of the gulf-stream are as unsatisfactory as the direction 
of the stream itself, and its benign influences are evident. The first idea relative to the 
gulf-stream was, that it originated in the impetus given to the ocean by the disembogue- 
mciit of tin Mississippi ; but placing out of consideration the inadequacy of tliis assumed 
cause, on account of tho comparatively small amount of water which even a river so 
vast as tho Mississippi can pour forth, it follows that, if really the cause of the gulf- 
stix'am, tho whole Gulf of Mexico should, in process of time, bo found to contain only 
fresh, or at the most brackish water. This, it is scarcely necessary to remark, is not tho 
case. Franklin advanced the theory, that the gulf-stream is referable to the pressure 
of an inordinate anlount of water against the coast of tho Gulf of Mexico by tho trade- 
winds, — an idea wBich iS scarcely more tenable than the last. 

Whatever tho cause of tho gulf-stream may bo, the dircefeon of its current ia 
ohvifjus. Setting out from tho hot regions of tho Mexican Gulf and the Caribbean Sea, 
it proceeds northward to the great fishing-hank of Newfoundland, and thence to tho 
shores of Europe, yielding up its heat to the genial west Vinds, and thus transferring a 
portion of tho superfluous b|?at of the tropics to our colder shores. The greatest heat of 
the oceanic water of the Mexican Gulf is about 86°, or about 9® above the ocean torn- 
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peraturc due to latitude alone. After it has ascended to 10° of north latitude, the gulf- 
stream has still only lost 2° of the original heat "with which it set out. AscencUng north- 
wards a distance of three thousand miles from its first origin, this mighty oceanic 
river still preserves the heat of summor even in winter time. It now crosses in a 
westerly direction, in a lino coincident with about the fortieth degree of north latitude, 
spreads itself out, and imparts to Europe a genial temperature ; which mere latitude 
could never give. The gulf-stream now pauses in its course ; it is split into two 
divisions by the British Isles, and two gulf-streams are formed. Of these, one tends 
northward in the direction of Spitzbergen, whilst the second enters the Bay of Biscay — 
imparting temperature to each, and causing a soft mantle of vapour to arise, which, 
wafted landward, in its turn disperses the heat of the gulf-stream far inland. Very 
little is known concerning the depth to which the gulf-stream extends. 

Lieut. Maury, of the United States naval service, assumes that depth to be two 
hundred fathoms ; and arguing on this assumption, he calculates that the amount of 
heat led away from the Gulf of Mexico by this oceanic ton*ont raises, on a winter's 
day, the whole atmosphere which hovers over France and the British Isles from the 
temperature of 32° F. to about 79°; in other words, from winter-cold to summer-heat. 
But the genial influence of the gulf-stream on the British Isles is more than tliis. 
Every western breeze that blows tow'ai'ds us crosses the mighty gulf-stream, robs it of a 
portion of its heat, and comes tow'ards our shores charged with warmth and laden 
ewith balmy moisture, clothing Ireland in a suit of gi'een, and imparting a mildness to 
both England and Ireland which can be best appreciated when we consider that tho 
coasts of Labrador, on the American side, and under the same parallel of latitude as 
England, arc rigid with ice. In 1831, the harbour of St. John’s, KewfouruUand, was 
closed with ice as late as the month of Juno; yet the harbour of Liverpool, though 2° 
further north, is never icc-lockcd even in the severest winters. By refej ring t(' any chait 
of isotlicrmal lines, the current of the gulf-stream, as just described, may be readily traced. 

Although the climatic effect of the gulf-stream is so advantageous to Westoni Eiu' 0 ])c, 
more especially to these Isles, it is scarcely less advantageous to the regions whence it 
originates. If tho gulf-stream bo the channel along which an amount of heat so con- 
siderable 2 >asscB w'cstward, we may speculate on the consequences that would have arisen 
had the amount of temperature now conveyed away rcraaiiied in the gulf itself. Even 
now the coast-line of this region is extremely hot and unhealthy ; how much more hot 
and unhealthy would it have been had the gulf-etrcam not existed ! 

TJnder-Ourrcnt of the Gulf-Stream . — ^As tl’C trade-winds are only an under atmospheric 
current, j^assing in an opposite direction to a current above ; so the gulf-stream is only 
the countor 2 )art of an inferior current of cold water flowing back to compensate for that 
which has departed. Not only docs theory proclaim thisj hut it is borne out by experi- 
ment. At a mean depth of two hundred and forty fathoms, an imder-current of water 
flows into the Caribbean Sea ; and the temperature of this current has been found as low 
as 48°, whilst tlic surface-water had a temperature of 8o°. At the dei)th of thr(;e hundred 
and eighty-six fathoms the temperature had fallen to 43°; and at the wery bottom of the 
gulf-stream the tempe]feture was only 38°; hence the existence of the returning cold cur- 
rent is fully home out. lit comes, there is little roa.son to doubt, from tlic arctic circle ; 
presenting the closest analogy to the lower aerial current wliieh constitutes the trade- 
wind. * 

The course and extent of the gulf-stream were not gcncj’-ally known until the cele- 
brated Dr. Franklin drew attention to the subject. The history of this event is worthy* of 
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narration, illustrating as it does tho discriminating and logical mind of that extraor- 
dinary individual. 

Happening to be in London in 1770, his opinion was demanded respecting a memorial 
presented by the Board of Customs at Boston to the Lords of the Treasury, stating that the 
Falmouth packets wore generally a fortnight longer on their voyage to Boston tha n common 
traders were from London to Providence, Bhode Island : whence their request that the 
Falmouth packets might be sent to Providence instead of to Boston. ** Franklin could 
not understand the reasonableness of this request, inasmuch as London was much further 
than Falmouth, and from Falmouth the routes were the same, so that the difference should 
have been the other way. Desiring a solution of his difficulty, he consulted Captain 
Folgcr, a Nantucket whaler, who chanced to be in London at the time. The whaler 
explained that tho difference arose from the circi^tance that Bhode- Island captaips 
wore acquainted w^ih tho gulf-stream, while those of tho English packets were not. The 
latter kept in it, and were driven back sixty or seventy miles a-day j while the former 
avoided it altogether.” — Maury. 

The manner in which the old whaling captain had been made acquainted with the • 
existence, tho extent, and the direction of this gulf^strcam, is curious enough in its way. 
Uis instructors were tho objects of his search, the arctic whalee — animals whicht having 
a dislike to warm water, never enter the gulf-stream, though they swim close up to it 
on both sides. 

Franklin having extracted this intelligence from the whaling captain, got him to 
draw* a chart of the gulf-stream to the best of his ability. The chart was drawn, Frank-* * 
lin had it printed, and copies were sent to the Falmouth captains. They, however, were 
foolish enough to pay no heed to its teachings ; nor did they profit for many years after 
by the knowledge of tho gulf-sti’cam. Though the date of Franklin's discovery was 1775, 
yet a knowledge of the gulf-stream was not generally diffused and acted upon until 
fifteen years later. Not the least cxtraordinaiy fact in connection with the gulf-stream 
is tho shaipness of its line of demarcation. No river imprisoned between tw'o scarped 
rocky hanks could flow in channel more doflned. “ If,” remarked the American author 
Jonathan Williams, “ these strips of water had been distinguished by colours of red, 
white, and blue, they could not be more distinctly discovered than they are by tho 
thermometer.” “ And, he might have added,” romaiks Maiuy, “ nor could they have 
marked the ])osition of the ship more dearly.” 

The notion prevails amongst sailors that the gulf-stream is the great storm-breeder 
of the Atlantic — the father of storms ; and, indeed, tho tempests which follow in its 
course or its borders warrant that designation. What are tho indications of theory 
in this respoel Had the Atlantic been still an uutravclled waste, and the existence of a 
gulf-stream, such as we now know it, been propounded as the basis of discussion, would 
not the theorist have predicted that storms must originate in tho meeting of the hot, 
moist atmosphere which hovers over the ocean tract of seething waters from the fiery 
shores of Mexico and tho Caribbean Sea, mixed with tho chilling blasts of the north ? 
What torrents of vater^ust result from the condensation of tho tepid mists — what stu- 
pendous electrical force must he brought into operation ! • 

If the gulf-stream, by its impulsive flow, sometimes impedes tho mariner and drives 
his ship from t]\c desired course, it nevertheless affords a compensation, not only in 
assisting to propel ships sailing in the direction of its qpursc, but in affording a gemial 
climate to the weather-beaten mariner, frozen and benumbed by the shivering blasts 
of the regions outside its clmnnel. “ No part of the world,” says the writer to whom I am 
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largely indebted for much tliat in these pages concerns ocean currents and ocean chma* 
tology, — “ no part of the world,” remarks Maury, “ affords a more difficult or dangerous 
navigation than the approaches of our (the American) coast in winter.” Before the 
warmth of the gulf-stream was known, a voyage for this reason from Europe to New 
England, New York, and even to the capes of ^e Delaware or Chesapeake, was many 
times more trying, difficult, and dangerous than it now is. In making this part of the 
coast, vessels are frequently met by shore-storms and gales which mock the seaman’s 
strength, and set at naught his skill. In a little whilo his bark becomes a mass of icc, 
and his crew frosted and helpless. She remains obedient only to her helm, and is kept 
away for the gulf-stream. After a fcw hours' run she reaches its edge, and almost at the 
next bound, passes from the midst of winter into a sea at summer-heat. Now the ice 
disp.ppeaTS from his apparel ; the sailor bathes his stiffened limbs in tepid water ; feeling 
himself invigorated and refreshed with the genial warmth about him, ho realizes out 
there at sea the fable of Antasus and his mother Earth. Ho rises up and atU^mpts to 
make his port again ; and is again as rudely met, and beaten back from the north-west ; 

* but each time that ho is driven off from the contest, he arises forth from this stream, 

like the ancient son of Neptune, stronger and stronger ; until after many days his 
freshened strength prevails, and he at last triumphs, and enters his haven in safety, 
though in the contest he sometimes falls to rise no more, for it is often terrible. Many 
sliips annually founder in these gales ; and I might name instances, for they arc not 
uncommon, in which vessels bound to Norfolk or Baltimore, with Uicir crews enervated 
iff fropical climates, have encountered, as far down as the Capo of Vii-ginio, snow-storms 
that have driven them hack into the gulf-stream, times and again ; and have kept them i 
thus out for forty, fifty, and even for sixty days, trying to make an anchorage. j 

Nevertheless, the presence of the warm waters in the gulf-stream, with tlieir summer- 
hejvt in mid- winter off the shores of New England, is a great boon to navigation. At 
this season of the year especially, the number of wrecks and loss of life along the Atlantic 
aea-board are frightful. The month’s average of wrecks has been as high as throo 
a-day. How many escape by seeking refuge from the cold in the warm w'atcrs of the 
gulf-stream, is a matter of conjecture. Suffice it to say, that before this temperature 
was known, vessels tlius distressed knew of no place of refuge short of the West Indies ; 
and the newspapers of that day — Franklin's Vcmmjlvania Gazelle among tliem — inform 
us, that it was no uncommon occurrence for vessels bound to the capes of Delaware in 
winter to be blown off, and to go to the AYest Indies, and there wait for the return of 
spring before they would attempt another approach to this part of the coast. 

The gulf-atream iathc largest knovTi oceanic cun’ent ; it has been perhaps more fully 
studied than any other, and its teachings may therefore bo appropriately regarded as the 
type of the rest. Wo have seen how powerful and extensive arc its effects ; we have 
seen a few of the purposes to which it ministers. The ocean is full of streams similar to 
this, each taking its well-defined course, cairying its owi\ temperature, clad with its 
own fauna and flora, jKJOplcd with its own denizens. Thoughts like these pravc how 
false and imfounded is the expression, ocean wasie^ so commonly aj^plied*, The ocean has 
its regions, its valleys, and its mountains — climates and varied inhabitants— no less than 
the earth. ^ 

* Other Oceanic Gnxrcnta. — The Mediterranean. — It has long been known tliat 
an upper or sailing current constantly sets into the Mediterranean through the Straits 
of Gibraltar. What, then, becomes of the water of the currents ? That water must 
either bo dissipated by evaporation, or there must bo a second 6r back-current. 
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The existence of this under-current was first demonstrated very curiously in 1712. 
At that time, Franco being at war with Holland, M. L’Aigle commanded a French 
privateer, called the Phoenix of Marseilles. Near Ceuta this privateer gave chase to a 
Dutch ship bound to Holland, come up with her, delivered one broadside, when the Dutch 
ship immediately went down. A few days later, the sunken ship, with all hw cargo of 
brandy and oil, came to light again ; but this took place on tho coast of Tangier, at least 
four leagues westward of the place where the ship wont down, and in a direction quite 
opposite to that of the upper or havigahle current. This well-authenticated case was 
communicated to the Royal Society in 1724. 

Currents of the Red Sea , — ^Precisely similar to tho Mediterranean currents, just 
described, are those of tho Red Sea. The necessity of a free change of waters hero is 
even more necessary than in the Mediterranean ; th^sea is not only shallower, and siA- 
jectotl to a more powerful evaporation, but its waters are not freshened by tho afflux of 
any rivers. It has been calculated by Dr. Ruist, that, taking into consideration the mean 
evaporation on every part of the surface of tiio Red Sea, a sheet of wat(!r, eight feet ^ 
thick, and equal in superficial area to the whole extent of the surface of the Red Sea, will 
ho raised in vapour annually. When this enormous rate of evajyoration is considered, 
the necessity for a continuous interchange of water between the Red Sea and tho 
external ocean will be evident. If the Red Sea outlet were choked ux), so that ingi*esa 
and egress wero no longer possible, the evaporation of about a thousand y'‘ars would, 
it is eiilculatcd, completely dry it up. • , 

Currents of the Indian Ocean , — ^Many thermal currents originate in the Indian Ocean. 
Amongst the foremost of those is the Mozambique current ; another of these currents, 
first eacaxung from tho Straits of Malacca, and being swollen by warm streams from the 
J ava and Chinese Seas, flows out into tho Pacific between the Philippines and the Asiatic 
shores. Passing thence towards tlie Aleutian Isles it ultimately loses itself on the north- 
west coast of America. Meteoric conditions like those which mark the course of the 
gulf-stream also mark the course of this. Fogs and mists follow in its track, and storms 
arc also generated on tho bank of this oceanic river. 

For a fuller account of oceanic cuiTents than is consistent with tho limits and objects 
of these pages, I must refer tho reader to treatises which deal with the special matter, 
and above all to the work of Lieutenant Maury, of the United States service, to whom 
meteondogista are under deep obligations for his contributions to their knowledge of 
ocean phenomena. j 

In conte mplating these oceanic currents, of w’hich the gulf-stream may appropriately 
Ik) considered the type, wo cannot fail to bo impressed with on evidence of design, where 
at first no design would seem to exist. These oceanic currents originate in, and are deter- 
mined by, a peculiar conformation of the land. Now what con be more seemingly 
irregular or cajiricious than tho shape of land ? If dropped down into tho ocean at 
random, or elevated by a subterranean power equally capricious, the crust lino of islands 
and continents, the golid Jj)locks of our planetary crust, could not well be more irregular 
than they are ; and yet how practically harmonious is the relation between land and water : 
how well adjusted the powers of each, how well adapted to the mutual benefit of mankind. 

It ap^ars an unimportant matter when in the map of the world wo skim our eye over 
the southern hemisphero of tho toirestrial globe ; therq wo behold tho limits of tho 
African and American continents in their furtiiest' extent; but how terribly would the 
locomotive faculty of mankind have been impcMied had either continent expanded itself 
to tho soutl; pole, or even traversed muck fiu*thcr south than is actually the case ! 
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In connoction Tfith the subject of ocean currents, the effects of aqueous temperature 
on the oceau’s denizens deserves a passing word of remark fUrther than has already 
been devoted to it. In the Caribbean Sea, and other ocean caldrons, where stores of 
heat are accumulated for distribution in regions far away, — in the hot currents which 
originate in these tepid sources of oceanic rivers, there are a«fauna and a flora : the fauna 
no loss marked than we see on tropical lands. There grows the coral, there swims the 
shark ; and thousands of shoUed mollusca, of gorgeous colour and enormous size, revel- 
ling in oceanic forests of rank and bulky growth, represent the land forests and their 
denizens of corresponding climes. But though grandeur and beauty bo the characteristics 
of these wann ocean spots — ^thc thermal ocean-tropic (if the propriety of that expression 
be allowed) — ^it is the colder oceanic currents which support the form of animal life most 
useful to man. Strange though tb^ circumstance may appear, it is no less true, that the 
fish of the hot parts of the world are always indifferent as food. This fisust is strikingly 
illustrated in the Mediterranean. The temperature of the Mediterranean water is 
usually four or five degrees above the temperature of the external ocean, and what a 
difference in the fish ! Whoever has compared the edible fish of the Atlantic with those 
of the Mediten-anean, will be at no loss to admit the vast superiority of the former. 
The naturalist does not require to be informed, that not only are Mediterranean fish 
inferior to those of the Atlantic, but they are for the most part of different species. 

Let us now take a glance at the locality of the principal fishing regions. Limiting 
, ourselves to two of these, they would unquestionably be the fishing grounds of New- 
foundland and Japan. The former is the better known of the two, though, perhaps, the 
latter is the more considerable, seeing that the natives of Japan are debarred from the 
use of animal food by their religion, although the eating of fish permitted, they ai-e all 
ichthyophagi ; and, notwithstanding the dense population of the Japanese islands, their 
inhabitants, tho\igh fish-eaters, are abundantly fed. 

Between the gulf-stream and the coast is a narrow band of cold water : here are the 
fisheries of Newfoundland. Between the China current, as it is denominated, and 
flowing in an opposite direction, is the cold current, in which the Japanese fisheries ore 
prosecuted. These are the two most prominent examples, and they will be found to 
present the type of many others. 

Cold, and its Effects. — Under the heads of snow, hail, and hoar-frost, some of 
the meteorologic effects of cold have been already described. The phenomena duo to 
this powerful agency are, however, so numerous and so important, that it may be well 
to make the subject of cold a matter of Bpc<-ial contemplation. If, casting our eye over 
the field of nature, we endeavour to select the most prominent results of cold, they will 
be found to relate to the departure from an ordinary law, which Nature has made in 
the expansion of water during the act of freezing. 

The term freezing is but a general expression for the act of solidification by cold. 
Popularly, the term is only applied to solidified water ; but this is altogether a conven- 
tional acceptation of the word. We arc justified, then, in comparing the act of solidifi- 
cation of water, with^the act of solidification of any other fluid, and seeing to what 
extent the conditions which regulate one also regulate the other. 

When the temperature falls to 32® F. water ceases to be liquid, and becomes ice ; the 
weather is said to be frosty, jmd water is said to be frozen. Whatever water be con- 
tained in the atmosphere at the freezing temperature, is deposited in the solid form of 
hoar-frost, the particles not being irregular, hut hounded bfy definite mathematical out- 
lines — frequently giving rise to fonns of groit beauty, especially on window-panes, 
aj£ — 
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blades of grass, and leaves (Fig. 87}. These forms are similary in general contour, to 



Fig. 87. 


those of TTell -formed snow-flakes (Fig. 88), but far more beautiful, and, liko snow- 
flakes, prove that frozen water is a crystalline body, and that it raystallizes in forms 
belonging to the rhombohedral system. • 

But the most important point coimcctcd with the freezing of water, and without 



which our globe would cease to bo habitable, is this: — ^Water, during the act of 
freezing, expands, and thus becomes spocifleaUy lighter. Ice, therefore, swims on 
water ; it cannot sink. How stupendous are the consequences of this departure from 
the law of frc’czing ! Had it so happened that frozen water, like frozen mcrcuiy, was 
more heavy than the corresponding liquid material, each frozen sheet of water would 
sink as soon as formed ; and thus, being far removed from the melting influence of 
solar rays, the production of ice would have been accumulative, and the ocean, long ere 
this, would have been completely icc-lockcd. 

In tracing, hypothetically, an assumed aberration of Nature to its consequences, the 
mind is speedily entangled and lost in the chaos of jarring eficcts. The speculative 
meteorologist finds himself unable to thread the labyrinth of causation here involved. 
Having shown that the ocean would have been ftdl of ice, bad the ordinary law of 
solidification not been departed from in the case of water, it is perhaps unnecessary to 
follow tho development of our hypothetical case further. That ocean life must have 
been destroyed is evident; that tho sea's liquid highway would have ceased to be, is 
only a figurative (‘xpression for a frozen ocean. But would what is now the solid land 
bave^thon served tho purposes of animal life ? 'Where could ^le rivers have flown, had 
the ocean been a block of ice ? or would not tho rivers have remained frozen too, seeing 
tho vast cooling power of a frozen ocean ? It is easy to see that, under such circum- 
stances, our planet would l^vo been totally unfit to be a resting-place for its present 
dchizens bad the freezing of water not assumed a departure from a law, though it be 
impossible to imagine aU the consequences that would have resulted. 
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The Bame expansiye force of water during the act of freezing, by the oporation of 
which it is rendered specifically lighter than water, subserves many important purposes 
in the world’s economy, besides floating the ice. Water percolating into the fissures of 
rocks, and being subsequently frozen there, displays its irresistiblo force by splitting 
largo rodcs into fragments, and disintegrating their fragments. In this way hard 
and sterile districts become covered with useful boU, in which low fonns of vegetable 
life can take root; and by their subsequent decay, contribute the elements necessary to 
the support of higher forms of vegetation. 

delation of Clmaic to Organic Development , — The naturalist who, in his desire to 
see as in a Ceramic picture the wonderful characteristics of animal and vegetable 
typos, sighs to think that a vision so glorious will never pass in reality before his gaze, 
may at least console himself wiifi the assurance of that great master of philosophic 
travel, Humboldt, that it is in the power of man’s creative faculty, aided by philosophy, 
to imagine tlioso striking types in the Wvidness of their truth, gladdening the closcit 
with ideal images of the living features of Nature. 

Even in the narrow region of European travel, the intelligent observer will not fail 
to SCO distinctive physiognomies. Passing from the cold green-sward and ifiodest vege- 
tation of our own Isles to the Mediterranean shore, a striking change in the aspect of 
nature meets the view. The sturdy oaks and elms of our own forests disappear ; the 
absence of smaUor grasses removes the green caipct of our meadows ; tall gi'aminacco) 
.spring up ; the aloe and the prickly pear bespeak a mixed condition of heat and drought ; 
and the date-palm, barely acclimatized, gives some faint notion of what the characteristic.^ 
of a tropical forest must be. “ It would be an enterprise worthy of a great artist,” says 
Humboldt, “ to study the aspect and the character of all these vegetable groups, not 
merely in hot-houses, or in the description of botanists, but in their native g»undour in 
the tropical zone. How interesting and instructive to the landscape painter would bo a 
work w'hich should present to the eye, first separately, and then in combination and 
contrast, their leading forms ! How picturesque is the aspect of tree ferns, spreading 
their delicate fronds above the laurel-oaks of Mexico ; or the groups of plantains over- 
shadowed by arborescent grasses. It is the artist’s privilege, having studied these 
groups, to analyze them ; and thus in his hands the grand and beautiful form of nature 
which he would portray resolves itself, like the -written -w'orks of men, into a few simple 
elements.” 

When the meteorologist has exhausted his knowledge in the laying out of climatic 
groups — ^when he has placed in correlation conditions identical, as ho thinks, in every 
respect — the growth of vegetable forms deraonstrates his inability to comprehend many 
hidden secrets of nature, which their delicate organization makes known. European 
olive-trees grow luxuriantly at Quito, but they bear neither fruit nor flowers ; and a 
similar remark applies to walnut-trees and hazel-nuts in the Isle of France. In India, 
the bamboo flowers luxuriantly ; but in South America, where it flourishes equally well, 
so far as general aspect of growth is concerned, so rare an eve^jt is the infloration of the 
bamboo, that during fom years’ residence in South America, Humboldt was only 
enabled to obtain blossoms once. But perhaps a still more remarkable example of luxu- 
riant growth without inhorescenoo is furnished by the sugar-cane. The West Indies 
have come to be considered as Ahe region par excellence of the sugar-cane ; yet it seldom 
bears flowers there — ^nor indeed does it in any part of the American continent; thus 
furnishing a strong presumptive argument in favour of the theory which asserts tixat 
no variety of the sugar-cane is indigenous to thb New World. 
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PRACTICAL METEOROLOGY. 


So many amateur Dfcteort>logists arc now springing up in CYcry direction, that it may 
b(' d('sirable to point out the precautions and reductions necessary ?n order to render the 
raw oj>scrvations useful to science. The present paper is, tkorefore, written in con- 
tinuation of Dr, Seoffem’s Meteorology, to enable the amateur, with as little trouble as 
possible, to reduce his observations to useful results, * 

To the non-metcorologis1#such terms as adopted mean temperature, elastic f orce of 
vapour, reduced barometric, &c., uncxpljifu d^ servo rather to perplex than to enlighten, 
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or point out that care has been bestowed upon the observations, and that the requisite 
reductions and precautions had been adopted. 

The first duty of an observer is to procure good instruments, and to place thorn in 
such positions as may bo deemed least likely to be affected by local circumstances, 
such as heat irom a fire, draughts round a building, &c. Much time is frequently 
thrown away by using imperfect instruments. When a person purchases a thermo- 
meter, ho is too apt to consider it correct ; whereas, in many instances, it is far from 
being accurate. Mr. Hartnup, of the Liverpool Observatory, in his last report, mentions 
that among the thermometers used by the captains of the. merchant service, an error of 
4° or 5^ is quite common ; even a thermometer fitted up for taking the temperature of 
water at different depths, and professing to have been made with care, was found to be 
in error in one part of its sqplc. The most laughable instance, however, was a 
barometer which had the following errors': — 


At 28 

inches was — 2*22 inches of the standard. 

At 28J 

)» 

„ — 1*88 „ „ 

At 29 


,, — 0*73 „ ,, 

At 29i 


„ — 0-30 „ „ 

At 30 


„ — - 0*02 „ „ 

CO 

O 


„ 0*33 „ „ 

At 31 

>» 

„ -4“ 1*07 n ,, 


^ The whole yearly range of pressure seldom rcachoa two inches, whilst the range in 
error of this instrument was 3*29 inches. 

Bleteoirological Observations. — In order to place this portion of the subject in 
as clear a light as possible, let us suppose that daily observations arc made of the baro- 
meter and its attached thermometer, of the temperature of the air, of the wet bulb 
thennomoter, of self-registering maximum and minimum thermometers, of the amount 
of rain, amount of ozone, temperature on the grass and in sunshine, state of electricity, 
amount and class of cloud, direction and force of winds, and state of the weather. Let 
us further suppose that two observations are taken daily, the hours of observation being 
9 A.M. and 10 p.m. 

The Tressure of ike Air , — The barometer is the instrument by which the alterations 
in the weight of the air are ascertained. The gravitation of the earth exerts a certain 
pressui’c which would always be alike, were it not that lateral disturbances had the 
power of removing a portion of that pressure and adding it elsewhere. . Thus, suppose 
the average pressure to be 29 J inches, if the barometer is seen to rise to 30 inches, it is 
certain that in another portion of the earth a corresponding fall has taken place to 
account for this change ; however, as it is not om object to enter into the physical and 
local changes of the weather here, wt shall at once proceed to describe the reductions 
that arc requisite. 

It is essential to correct observation that the barometer used be a standard instru- 
ment. The ordinary instruments arc useless, owing to the friction of the mercury 
against the sides of th^ glass in small tubes, the impossibility of applying the reduction 
necessary to correct for the alteration of the height of mercury in the cistern with the 
common w*hccl harometeJ, owing to a rise and fall in the tube ; and, further, because 
if errors occur in this barometer, they arc increased by the circumstance of the index 
of the wheel barometer being a long-arm worked by a small wheel, thus multiplying 
aU the errors. ^ ^ 

The Standard Barometer should have a tube of not less thanVoths of an inch in 
■ U. — 
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diameter, and the nearer it approachea to i^yths the better, as the 
correction requisite for the Action against the sides of the glass 
rapidly diminishea with an increase in the size of the tube. This 
is tho correction for capillarity, which is additiye. The base of 
the tube should be plunged into a cistern of pure mercury, and the 
scale of inches should have a rod attached, terminating in an ivory 
point, so contrivQd as to be moved by rack* 
work until the point just touch the surface 
of the mercury. This is requisite, in order 
that the measurement may be made &om the * 
surface of the quicksilver in the cistern. Sup* 
pose we either neglect this operation, or tjjo 
barometer is one not capable of having it 
applied ; and let us further take a reading 
without reference to this correction after a 
sudden change in tht) barometer, this reading 
may bo representfid as 30*036 inches: on 
bringing the ivory point down to ttio mer- 
cury, this second reading may bo 30*074 
inches: thus exhibiting an erro^ fcuiu the 
want of thisprecaution, of *038, or nearly fonr- 
hundredthsof aninch. Thethermomt'tf.'rfitte(f 
for use should have its bulb plunged into the 
cistern of m('rcur)', otherwise it will not give 
the temperature of tho mercury itself, but 
merely show the heat of the apartment in 
which it is placed. Such an instrument is 
made by Newman, the optician in Regent 
Street ; it is tho same as is made for the Royal 
Society, Greenwich Observatory, Admiralty, 
and the British Colonial Observatories. 

Description. — a is the mahogany board to 
affix against the wall; b, brackets which 
support tho barometer, between which it is 
capable of being revolved so as to observe 
the light on the siuface of tho mercury ; <?, 
a vase, which unscrews to allow of the socket 
d being removed to receive tho upper end of 
the barometer; the adjusting screws for 
shifting tho lower centre, by which the baro- 
meter is to be made exactly perpendicular : 
to accomplish this, tho ivory point is to bo 
adjusted to tho surface of the mercury, tho 
barometer gently iumed between the two 
brackets ; and if in any position tlie point 
should be elevated from tho surface, or de- 
pressed into the mercury, the screws must be 
altered accordingly, until the point coincides 
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in every poaition ; /, the key by which the ivory poiat is adjusted — the ivory point 
being a termination of the brass scale marked off at the temperature of 32^, and which 
is adjusted by means of a tangent screw ; y, the glass part of the cistern, through which 
the surface of the mercury and ivory point are seen ; h, tho cistern ; t, the screw which 
is to be loosened when tho barometer is fixed, to admit the atmospherio pressure ; 
the moveable part of the cistern, on which the index T is engraved ; 2, the key by 
which the vernier is adjusted; m, tho thermometer dipping into and showing tho 
temperature of the mercury. 

This barometer is necessarily expensive. Modifications of this standard arc made by 
Mr. Barrow of Oxendon Street, and Messrs. Kegretti and Zambra of Hatton Garden ; 
and these axe more reasonable in price, answering remarkably well, though not equal 
to Mr. Newman’s Standard. Having procured a barometer, it should he compared with 
the Standard, in order to ascertain index error. The apartment in which it is kept 
must not be subject to great changes of temperature ; one with a window facing the 
north is to be preferred ; and the instrument should hang where there is a strong light, 
but an outer wall should be avoided. 

ThexmometezB. — There are various constructions of instruments for ascertaining 
the temjerature of tho air j of these tho mercurial ones are the best. Thermometers for 
comparison require to ho placed upon a proper stand, as the errors arising from 
peculiarity of situation, from radiation, absorption of beat, &c., will alter tho reading ^ 
vciy materially. There are two forms of stand, the one constructed by the late Henry ' 
luawson. Esq., F.R.S., the other hy James Glaishcr, Esq., E.R.S. 

Thennoineter Stands^ — In comparing the readings of one thermometer with any 
other, it is requisite that each instrument should be placed, as morh as possible, in a 
similar manner ; without this uniformity no deductions can be draw ii with any claim to 
accuracy. In looking to the situation of instnmients used hy persons who have not 

been aware of the necessity of providing 
themselves writh a thermometer stand, 
some will he found facing tlie north, 
others the south, south-east, north-w'cst, 
and, in short, evciy point of tlio compass. 
Again, some are placed from one to five 
feet from the ground, others ten to 
twenty feet ; some in the angle of a large 
building, others exposed to the sun’s rays 
either during the morning or the even- 
ing ; some touching a wall, others at a 
distance from one; in short, the situations 
vary in as great a degree as the tempera- 
ture deduced from tho observations madj^ 
hy them. To obviate these sources of 
inaccuracy, thft* latO* Mr. Lawson con- 
structed his “ Thermometer Stand,” a 
sketch of which is given at the head of 
this chapter. This stand consists of a frame, w'hich has been found to answer the 
intended purpose very well, ft is composed of tchite deal boards, and can be constructed 
hy any carpenter. It consists of an oblong tiunk T, 12t inches hy 8 inches outside 
measure ; to the opposite side of which tiunk^rc nailed boards b at the distance of 






throB 

uortlt Outiddie <rf ®b0 m W0 
jectinAgpttt four inohe^ be^rot 


bifllxes Ihnu ^ trunk tovurdi ibtt 
bdird» 0 9j IbU half anineb distant) and jKrn* 
jectinA||Out four inohea be]ron##¥ W^-^inent^^ boarda, also toararda the north* 

ThesaiRRs or idnidos being multi^^'|ffmi^ the sun from heating the interior of the 
atand where the thermometers ane ^ board) ?, is made double, 

and the boards are placed full ttd^^^uartem of an indh distant i^om each other, and 
come forward so os to^verhajm, hjT A ^oh, the K’ight Index Thermometer) 
placed immediately beneath, for ^ purpose of prerenting rain or dew from per- 

pcndicularly upon the bulb of (hd^ermometer. The legs, L L, of the stand are merely 
the continuation of the sides of the trunk. The board or feet, F F, are loaded or hxed 
to the ground) to sustain the fot^ of the wind. The interior, T, is bladconed to prevent 
strong rejections of light. , 

Pig. 2 is a ground-plan of the maohine, which tiAI prove sufficiently clear to any 
intolligeut workman f r its construoitiniu The sides (and wood- work generally) are of 
half-inch white deal. The distance V ^^0 between the sides of the trunk T and 
the board or inner side, 1 » (Fig. 2), is three-quarters of an inch ; and the distance 
from that board to the outer side, 0 » (Fig. is fuU half an inch. The narrow boaids^ s a 

(Fig. 2), are to be nailed, with studs inter.^ 
vening) to the middle board or side t a, axi^ 
are for the purpose of preventiug the sun 
from shining between the trunk and the aides 

0 s and i h when near the meridian. The * * 

sides are tlxed, one upon the other, at the 
required distance (viz. three-quarters nf au 
inch and half an inch), by numerous wooden 

studs, about three-quarters of an inch dia- • 

meter ; au<l the nails or sorows passed through ^ 

the sides and studs, fixing the whole firmly ' 

together. The whole is to bo painted white, t 

and no otlicr colour, except the face of the ^ 

trunk T, which may be blapk, to prevent 

strong reflections of light. H 

This therniomotcr-stand can bo placed in MM . * 

<7^7/ eligible spot that may suit the conve- 

iiicn>"c of its owner ; its four sides should face 

the cardinal p tints, commanding therefore a |||l 

tnie north and south aspect. It can be visited III 

on every side, and be free from all sur- 

rounding objects. The thermometers used 

can be read off with the greatest facility, 

and the wtole will be at a known distance " 

from the ground. '!{[hosc^strumonts placed Fig. 3. Glaisher’s stand. 

on the south face will have the meridian sun, and those on the norili face will be alwaya 

in the shade, in consequence of the projecting wings. It cm be employed bv any 

metoofologi ^t, wherever residing ; it is of a determinate form, neight, anu size ; it is 

not costly, but firm, uud can bo placed on any open spot tliat may be thought eligiblo for 

its use. The instruments may be read off with the greatest promptitude, so as to prevent 

or seduce errors arising frnm^he person of the observer being too long in the vicinitgr of 
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the thermometers. By the g;ener^ 




all be used or obsorred under simiW from them be mo<^ \ 

correctly drawn than where there is no ItsiiQjd: ''-ItjlCff^bws that observations made by 
individuals wherever residing, either in lBur<%ei Afrioa, or America, if drawn 
from instruments thus similarly placed, can b6 o^l|^l|iwd one with the other with far 
less chance of error than has hitherto been the oas^ ,''^ 

Mr. Glaisher, F.R.S., has likewise constimoted lli'tend ^ftering from the one just 
described, but which is also an excellent contrivance.' 

Rutherfords Thenmmeter»---Th.Q mercurial thermometer of Rutherford's construction 
pushes a rcgiatering-pin before it as the mercury expands by beat ; on the air becoming 
cooler, the mercury contracts, leaving the registering-pin at the point of maximum 
heat. One objection to this instrument will always be felt, i.e. the pin is not 
unlikely tc become entangled with the mercury, especially if the mercury should 
oxidize. « 

It is very desirable to incline Rutherford's maximum thermometer from the hori- 
zontal position, so that the bulb shall be slightly the highest, in order that the ther- 
mometer may have the assistance of gravitation in pushing the pin forwards. Within 
the last fifteen years many of Rutherford's construction have at the Highfield House 
Observatory become useless, owing to the registering-needle becoming entangled with the 
mercury. Two thennometers, however, K^this construction deserve to be noticed, the one 
purchased of Dollond and the other of Bennett : they have done their duty satisfactorily, 
and arc at the present time in perfect working order. 

NegrettVs Ratent Miueimum Thermometer, — Too miich praise cannot bo given to this 
ingenious invention, which, from the circumstance of doing away with the registering- 
needle, prevents the possibility of the instrument getting out of order. Since the invention, 
half a dozen of these thermometers have been constantly employed here without any 
derangement. The princiide of the thermometer is this: — ^A small piece of enamel is 
pushed into the thettnometer tube near the bulb, and the tube is then bent so as to securo 
it in its lllaice.l tf the thermometer act once, it will continue to act until the instrument is 
brok^-l As temperature rises, the merouiy will flow over this enamel ; yet, on the 
air ^oming colder, the contraction will only take place below this point, the whole 
C(d]dw;^f mercury in the tube being left to mark the maximum heat. It is only 
TQglsdplm to turn the thermometer in a vertical position, aud give it a gentle shoie, wnen 
^^mbreury wiU descend and flow over the obstruction, which, in the horizontal posi- 
llcn, had prevented it from returning into the bulb of the thermometer. 

JPhillipsU Construction of the Maj>im.um TIisrhAorneter, — ^This, the invention of Professor 
J. Phillips, P.R.S., also records without a registering-needle. A small bubble of air is 
passed down the tube, and a portion of mercury is made to remain above this bubble ; 
as the air increases in temperature the whole column rises, yet, when it cools, the mer- 
cury only falls from below where the bubble of air is situated. It is an instmment 
liable to get out of order in travelling ; yet, when once properly fixed, does its work welL 
In consequence of the bubble of air expanding with an incrcasp of temperature, a slight 
error will be occasioned, and the thermometer Will read a little too high in warm 
weather, end the reverse When cold. 

Tlis Minimum Thermometer^ until lately, has been filled with epirit instead of m^mry^ 
with a slender glass pin floating in the liquid. 'Biis pin is carried down with it to tl^ 
lowest point ; on the temperature rising, tl^ pin is left behind, and thus marks the ooldost 
point. like the maximum thermometer, gravitatioii ihoftld be allowed to assist the 




dB»eeiit .wyyffiiog ' 'thjB bulb feim thebi^iri^ 

uoutal Itoaitiaiii. ' I huim beeu !^Di Hopats. N&gretti aio4 

j^ambra ; in tbeae the pin is mncb lender, and they very rarely get out 

of order. A disadvantage will alW^ Mt witifei spirit thermometers ; their action 
differs from those filled with mercurjri > 

The Mercurial Minimum Thermai^.-^Meteorblogista have for some time urged the 
optieiaiis to invent a me^urial miniiaapt thermometer, an invention which long seemed 
almost to be an impossibility. However, such an instrument now exists, thanks to 
5fessrs. Negretti and Zambra.^ A thermometer with a largo tube is placed in a vertical 
position, in which is a slender, pointed needle, which is brought down to the surface of 
the merely ; quicksilver being heavier than the needle, it is held above it ; yet, the 
needle being pointed, plunges a small, but sensible, ^tance in the mercury, which it 
invariably does by tlic side of the glaiis of the thermometer tube. This being the case, 
the needle will descerd to the lowest, degree of cold; on the thermometer rising, the 
mercury presses the needle to the glass, and ripes up by the side of it, instead of 
raising the needle. Four mouths' working of this thermometer has proved it to 
be a valuable invention. The instrument miist come into general use amongst 
meteorologists. * 

The Solar and Terrestrial Radiation Thermcineters are made entirely of glass, the 
scale being engraven upon the bulb itself. For thermometers ooutinually exposed to 
damp, the swelling of the wood and the oblitoratlon of the index thereosa 1ms been felt a 
great annoyance ; consequently, the substitution of glass for wood Im been hailed with 
pleasure by meteorologists, independently of its great improvesmitt in a scientific point 
of view. % . • 

The white enamel placed along the back of the thermometer tube, an invention of 
Negrctti and Zambra’s, is now becoming generally adopted ; thp improvement is at 
once maiiilbst on inspecting two instruments, the one with and Ihei other Without tho 
enamel. 

The Wet and Dry Bulb The dry bulb is the ordinary thfimometer, 

and the wet bulb differs only in having the bulb enclosed in a muslhi hag, with a cottpa- 
wick conductor to a cup of water, so that it shall always bo wet from the oapillarj' iusKon 
of tho cotton conveying the water constaiUly to it. If the muslin bag were attachod 
to solf-rogistering, instead of ordinary thonnometerp, the greatest heat and bold of 
ihe wot bulb would bo obtained — an important addition to the meteorological instru- 
ments, yot one almost unknown. The muslin and cotton should be changed every 
month. 

Bennetfs Thotographic Wet and Dry BuXb Thermn^ter is an additional evidence 
of the dost) relationship between heat and light. In this most ingenious contrivance 
fight is incessantly writing doMm tho heat of tho air. It is a^ply requisite to place a 
sheet of paper upon the roUor once a day in order to record every change in temperature 
of the wet and dry bulb for the twenty-four hours. This is, indeed, a triumph of 

science. • • . r j x 

Ewapoxatora.— Having had constructed gauges of various s^jjos, I am enabled to 
speak with confidence as to their working. The water in gauges under eight mehes in 
diameter becomes too warm, owing to the small quantity that omi be contained in them ; 
consequently, an oxcqps of ovaporation results^ There ^ro two gauges to be recom- 
mended ; the one Newman’s, and tho other Negretti's- These gauges work well. New- 
man’s is a veiy convenient find ornamental inatrumont, having a graduated glass tube 
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^f4iJ ^ raise ikB water ioto the ajiipor oisb to any hoi^t 

1 H a ^ you please* Kow shut off the itopoook bene^ 

^ to retaibi tiw leater in the upper veaeel ; then* 

hariog eapoeed the apparatus lor any kagthof 
. ' St titne requh^d, open the eook^ the water wUlnia 

! into the lower Teasel, fillmg it and part of the 

j. ^ 20 It^oss tube, the divisions of which wiU now indi- 

^ cate tho quantity of water evaporate^. Ne- 

gietd^s is the cheaper, being simply a cylinder 
4- 3<^ of the diameter of eight inches, which fits into 

a wooden box filled with wet sand ; this beeps 
the outside of the mcUl cool, and prevents that 
excessive evaporation which would result firom 
^ the heating of the metal by the sun. "Where 
^ diameter of tho gauge is largo, and the 
‘ ^ j ifrater several inches deep, the efieot of the sun- 

J - f I I II f hinft on the metal sides is not felt. 

^ Ibnbn fiMseSft — ^Thesre ore several con- 

ng, 4 . struetiems, yet none so good as Negretti and 

JCambim's, wWch is simply and at t3» same time prevents any loss by evaporation,— an 
impottost p<^ which hasbewi too much overlooked. Another cont rivance is that of a 
oylladffiral vessel of braes or sino (Fig. fi); ibe latter 
would he the cheapest, and answer all purposos equa^ 
well. Into this cylinder, a funnel, with its tube bent, fits 
tightly \ the diameter should be eight inches, and the tube HHt J|| 
about an inch in length. Tho object of thi^ bonded tube 
is to prevent ergporation talcing place from the sur&ce of |H| ^ |j ||^H 

rain collected m ^ rain gauge, for a fe^ drops of water 
will hennetSeally seal thq opening from ^ the esq^ t>f Mp { l |^H 

vaponr, and most frequently the evening d^ws will deport |Hp| j I ||^l 

Stifficient moisture for ^hja porposo, which the heat of the 
day will scarcely have tame to dissipate before night brings 

The r«^&^ mode of nmasnring the amount dspodted Fig. ft. 

inlhe gau^S) is by procmhoig another cyiindrioal vessel, or measure, which is exactly 
(bur inches in diameter, and inchea deep ; this, when quite fuQ, will just contain 
an amount equSl to the deposit of an inih of rain as collected iif the eight^uoh gauge. 
Parte of shlneh can be jSeasured by plunging a rule (®g. 6) perpendicularly to the 
bottom of the measure, the portion wetted by ^ water being the decimal part of an mdi 
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tho BubjeOt : tbe mM abnplo » Glaiiber^a oleetrootetor, irbicb ' E 

Mngportoble, ^ooJdbeoooiegOiioipU^ Wborotheze ! 

ore tbo oooreiiieiioes for haviiig Oatploiing wirs^ proporiy itt- ^ , , 

oiiUted, ti]be results iUiQ more flatiotiudoiy^oodwb^tiUoplfUiia iS 

odc^ited; the following dectrometers shouid bo used ^ , 

1. De SousBure's Blectromoter, whioh oooiials of two dne iq S 

wires, each temutiated by a small pith-bal^ tikelr expaosioo , ^ t « 

being measured by a graduated scale, *1 

2. Volta's Electrometer, consisting of two thin stems of *J E 

about two inches in length, and fitted to a metal rod by small ^ ” 

rings* j0| ^m 0 i 

3. Singer* s Electrometer, consisting of two slips of gold- ; ^ S 

loaf. For stronger electricity,* a pair of Butch-gold leayea ~ ^ 

become a useful addition. * yg S . 

4. Zamboni’s Dry^He ElaotronsstiSfr, It Is a single gold- 

leaf suspended from the oonductingv^ bdwse^ two dry piles, ^ 

tho negative pole of the ona and tha.pesitiTe of ihe other ^ , 

being uppermost This shows whether tho ojtectrioify is posi^ ^ 

tivo or negative. . . ‘ ^ — 

For|K)wmMdeotrio8tanus, thesdf-ief^^^ y-E 

belonging to the atmospberio recorder is whihrt h = 

moely-anrangod deohioal bdl will be a means ^ warning 10 = 

obseiwer that his presence is required in the eleetric^room. ^ S 

The efibct a thunder-storm, when three or four miles ^ zz 

distmit, as shown on these electrometers, is m^edin^y interest- f 0 ~ -- - 

ing. It is not only possible to witness the instautiUtObiis eon- ^ 
vnlsion caused by a flash of lightning at least twenty seconds ^ 
before the peal of thunder occasioned by it is hoard j but it is r: 

also possible to know, several seconds before a tdkes ^ 

place, that one is about to occur. 9 =— 

The beneficial effects of electricity on the vegetable king- E 
dom are of a chartfeter ^ apparent, that any extended researches Fig* fi. 

upon the branch of Bleteoindogy calculated to throw additional light upon'tiie subject, kt 
vei|r desirable. • ^ 

2 %s iSHmhftl Fans.— This is a wind-vane exactly baSanced and hung on 
having vertiiml fbns to earry it in the dbfection of tfle wind, and hmmntil fkns tb 

mmbld it to tip ig? m dsw%" to itiiow tim i^lo at which tlw air is Idowiag* 
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, 2^ Min k ^ ^pl& (M>iktr|^«i|lp^ th« irngU a;t nrl^ 'Jllid ini^' ^ 

aeBoends. It opiudirts <»f ft to^ wHot l&o^ lura ^ ^ . I 

Th» J^if^am^ U^wwrer.-^k modifioate i!iile, Imrin^ an olevtiM | 

eye-hole fixed ^ver^cally in the joint, and ft glend^ ]pin stiilirftd yertiOftUy <m each Iftg* of ; 
the rule. The rule itself slides on ft graduated ftrc. In (UTder to measuxe approximately ;; 
the distonoe of ft peculiar cloud, or olher oelestitd phenomeitoii^ any hxed object, the ^ 

legs of the rule are opened until One of the rertical pins corere the object to be moasuted, ! 
and the other the ohjeot to which it is referred^ IJie distance be fleen on the j 
graduated arc, < , ^ 

Ommteter^k chemical contriyance for fteoertaming*‘the amount of ozone ha the 
atanosphore. Ozone was discovered by Dr. Schhnbein of the XTidversity of Bdlo, in the 
y^r 1848, Test-papers are hung in a situation whero there is a free current of air, bat 
not in sunshine — ^the north facel>f a thermometer-stand is a oonvenient situation. 
These paik^rs |rill rmnain colourless if there be no ozone xnosent, and will be more or less 
tinged wi^ blue, as the ozone is more or less powerful. A scale of differont tints, marked 
from 0 to 10, is fumished with the te8t-pax>era, to which the slips are refeired after ex- 
posure to the atmosphere, immediately after immersion in water for the space of one 
minute. . 

These test-papers are made in the following manner 

< 200 parte of distilled water, 

^ 10 „ • of starch, 

1 ,, of iodide of potassium, « 

boiled together for a few seconds, and then slips of bibulous paper dipped into the solu- 
tion ; when dry, they arc ready for use. If there bo any ozone present in the air, H seizes 
o^ the potassium— tec blue colour left being iodide of farina. Other test-papers have 
been prepared by Bt. Moffat of Maward^, ftrhieh do not require to be plungi‘d into 
water in order to bring out tee proper colour. Dr, Moffat’s test-papers must be kept In 
tec dark. They are placed in a bo;;:, the bottom of which is perforated with holes fot 
tee free passage of air. Them te^p^Qpers, if kept in tee dark, will last for several ycaiu, 
retaining tee amount of diecplc^^on. 

The Wind Fane should be<m contrived as to move with tee least amount of Motion ; 
otherwise, in calm weather tho ohanges wOl not be seen to take place in tec direction 
of the wind at tec proper time. 

The Atmot^herio Iteeerder, although too expensive fot the ordinary meteorologist^ 
still cannot he passed over in silence. Having had one in work for a year, I can speak 
of its value. HTbty change in tee atmos^ro is written down by pencils at tee precise 
moment of occurrence. It is merely requisite to supply the cylinders with sufiicient 
paper; after which, if tee clock is occasionally wound Up, and tee pencils l^t capable 
of drawing a clearty-defined line, no fuiteer care or trouble is needed. This machine is 
incessantly writing down tee force of every gust of wind, tee extent of every change in 
its direction, the commencement and termination of every shower, the quantity of tain 
which has ftdlen, and the amount of evaporation and electricity. The temperature of 
the air, the preasure an^ hygrometrical condition, are recorded every quarter of an hour. 

L The discussion of these reeords cannot fail in being productive of much good to meteor- ' 
ologiste. Mr. DGBondnmkes,th^™<M^e. 

Th» A(y^immei0r,^h3k instnunent ter ascertaining tee force of solar radiation. It 
oonaiste of ft large holio^ eylmder of glass, soldered at one to a thermometer tube^ 





tffmiciated At tliA othor end by a bdl draml^ to a point, and broken off eo ad to lam 
^ ei^ open. The jpyluider is closed at tbe Cfitber end. It is filled vHh a deep bkjfO 
Ijiqnid {ammoiiio-Wpbate of ooppor). tbe oyUnder is enclosed in a cbamber vbioh. is 
blackened on three sides* instrument lai^uireB careful manipulation, and is but 
little used. 

XntmBxty of — Tbe gauge for asoartaining this oonshts of a long narrow box, with 

a window at one end facing the north. The box Is painted black inside, with a white 
bolt of a oouple of inches in width, graduated up to 100. The brighter the day, the 
further can the figures be seen up this box, 

The Trwmt Xmtrument*\& a useful addition* It has been well described by hfr. 
Breen in his treatise on astronomy. A yery dose approximation to conoct time may 
be obtained by the use of Dollond’s Portable Transit* 

A good astronomical dock, with a mercurial pepdulum, ought to be found in e^sry 
observatory, and a good watch m the pQoket of every observer ; each should be provided 
u^th the secoD<is-hand. The watch in use here was supplied by Mr. Boimstt of 
Chcapside ; it has performed its work to my entiro satisfaction. 

WhmelPs ^ftnonieter^ invented by the Bev. Dr. Whewell, is an ingenious sSl^ • 
registering anenometer, wliich gives tbo amount of borisontal movement in the air. A 
system of wheels is worked by windmill^saHs, according to the vdocity of the irind; 
and these carry a pencil, which is constantly recording the direction and vdocity of the 
wind. * 

Oshf^ $ Ai^fmmeter constantly records the force and direction iff the wind, and 
also the amount of rain. An admirable invention. Unfortutmldy, snob instramenw^ 
as this and Dr, Whowdl’s are too expensive for the majority bf mcteorologicfil 
observers. ' ,*v * * 

The Slectricol Oheervixtory at under the able management of Mr. Eonsl^ 

has become a most important mcteorolog^Mi Station, being, in fa<^ a coUcction of sdl 
requisite electrometers j a brid description of which will bo foimd in Dr. Brow’s 
Pnif tical Meteorology,” 

Xaniert XXyffrom0er . — An inetnimeftt fear iiscottaiiung from direct observation the 
tempemture of the dow-point. This is an inWesl?|Bg contrivance, as a ring of deW is 
preeipitatisd at the temperature of the dew-poiui & constate of two glass balls, com- 
luunirating with each otlior by means of a b(mt tube. The one baU is of black glass, and 
the other transparent. A thermometer infixed with its bulb within the blackcn(*d ball ; 
and as soon os threo*fourths of this lioll is filled with sulphuric ether, it is iiumorsod. The 
air having been exhausted, the tube is herxnotieidly soalod. The transparent ball is 
covet (m’ with muslin, A duplicate thennometer for ascertaining the temperature of the 
air is attached to the stem of the instrument To find the temperatui’c of the dow-point, 
ell the ethoa must be made to run into the black ball ; ether ip then poured from a phial 
on the muslin ; this pimlucOs rapid evaporation, and the temperature is cooled down to 
that of tht dew-point ; at this temp<Taturo, a ling of dew is formed round the black 
bulb, and at this instant the immersed thermometer must be read off ; rapidity pf ; 
observation bemg*»ece«ary, as the temperature will continue to fall below this point* an4 
the ring of dew also to increase in width, In a few seoondi^the ring wJB gradually 
dwai^ar, and at this moment the thermometer should be reaija second tune. The mean , 
of the two readings will give the temperature of the dew-point. It is necessary that the • 
ether should be very good. ' • ^ 

Tlie results obtained by actual observation and by calctdarion {feom the Vret find , 
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Baoiel’a hygrometer, tem|ierature al nrhm ring diaaiq^waved * 48*^*2 

Xlaaiel's hygrometer, mean temperature oi deir<*pejnt . ^ . 4d”*l 

Danid’a hygrometer, temperature of dew-pcwt bebY* tempmatae 

Q^oir 7^*9 
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temperature of dry bulb • ^ dtT'O 

Temperature of wet bulb . 6T’0 

Oalculated dew-point . , . . \ » . . . 4S‘’'3 

, Temperature of dew-point below temperature of air . « . . T**8 

JReffnatdft j5yyn>m0^.---Another instroment for ascertaining the dew-point htua 
direct observation. It differs considerably in its construction. Some meteorologists 
prefer it to Daniers hygrometer. Messrs. Negretti. and Zambra have constructed a 
modification of Eegnaulf s hygrometer, and from them it cat^be procured at the same 
^ price as that usually charged for Darnel's hygrometer. 

OonuelPi Mygrm»ter is a third instrument for ascertaining the dew-point from 
observation. In this the temperature is lowered to the dew-point by means of an ex* 
hausting syringe. The wet and dry bulb thermometer, however, answers every purpose, 
and to ie ordinary observer is not so liable to bo incoitoctly read off. 

* fhe Oyanomter consists of a fiat divided intx> 63 o^ual parts, and numbered 
from 0 to 52, the 0 being white, and 52 very dark blue ; the other numbers are painted 
every intermediate tinge from nearly ifhite to deep blue. By its use the colour of the 
iihfj can be ascertained by obseHratiom , 

#iainrml following occasional phenomena require a few words. 

The most uninstruotod observer may give useful information on these subjects with 
comparatively little trouble to bimselfj by making known the particular featim^s desirable 
to observe. It is desirable to note in * 

Thuni(er^$m$^ the direction in which they mo^ the point of the horizon in 
which they were first noticed, and that in which they disappeared ; the time when 
thunder was first and last heard; the colour of the lightning; the number of seconds 
e^ pRiTig after a flai4i before thunder became audible (noted at different periods during 
the storm's continuance) ; the commencement and termination of rain ; the direction of 
the wind before, after, imd during its continuance ; the time when the electrical breeze 
springs up (this is a peculiar violent breeze noticed in most thunder-storms) ; whether 
hail ilils ; and any other frature that may appear remarkable or be deemed desirable to 
be recorded. * * 

jMTora JSoreafti . — ^Ith position amongst the stars, whether merely a low auroral arch, 
, or accompanied by corusections* If fi brilliant display, whether a oupola or domq is 
formed a little south of the zenith ; imd if formed, whether oscillatory among the stars* 
The hour of its oocurrenOc when' seen as a diffused light ; if there be floating patches Oi 
tominous haze or doud, &c. • (, 



______ 

BiS^ XpM^ ^ iifpmelit Of ttm ImMi 

i|i|^eax«d» fmdhowkoig ihojrt^^ . 

<NMf (kn^pU^jaiM €M4a of Z^i^^Thek tett «nA j^diilkili wltll 
ti> the fiia or aioon ; wliofAior priamtle. ^ 

appajrattt tieo, lihaj^, ooloor, pftHi ttmongut ^ 
oten, rOiot^ aod diir^(m ; trlijBther aooompaiiied 1^ 

mimts j if largo, wliothor a atroak of light lOttud&od Ofter die motoor its^ liad diaaj^ 
peared ; and after bursting, whether any noiae ci explosbn be heard—xf so, bow many 
•ecQbda after the meto^w itself bad burst; tbe time of appearance, &c. These observa- ‘ 
^ turns diould more especially be attended to £eom the 6th to the 16th of August, and from 
die 9th to the I4th of Norember. 

(?aka qf Wind , — ^Their direotioa, and estimated force ; when they commenced apd 
tenninated ; the height of the barometer during its dontinuancet. 

Koto when it fell, how deep in inches on the ground, and the form Of the 
anow-crystals. To sketch the cryst^, a magnifying^glaie is requite. 

jr<ri7.^The shape of the stones, • 

The times of breaking up of long dry periods, and ftosts; the terndpation of rainy 
periods, the commenoement and duration of fogs, ^dnd changes, Ac* • 

Solar Soltps&t . — During their continuance, and be&re and after, record the tempera^ 
ftire in sun and shade repeatodly. Expose for ten sooonds every ftve mluutes slips of 
Mr. Talbot's sensitive-paper, to ascertain the effect of the diiuhlittion of sunlight ou 
diis paper. ,, 

Meqnlaite Vables of MoAmetion*— Ist. Glaishcr^ Hygi^memeal Tables (9nd 
edition). These splendid tables enabie the obseprer, with comparatively little labour, to 
calculate the temperature of the dew-point, —die elastic force of vapour, the weight of 
vapour in a cubic foot of air, the additicmsl weight of vapour required to saturati; a 
cubic foot of air, the degree of huntidity ; die whole amount of water in a verticel column 
of the atmosphere ; the weight of a cubic foot of air, and also to separate the pressure 
due to vapour from that due to the gases, fbr any temperature ftom 10^ to 106* E. 
On page 6 there is also a table for reducing the readings of tbe barometer to the level 
of the sea. Mr. Glaisher has calculated this tabk> ftom the fact detcnxtined by M. 
Begnault, that air expands xs+Tuth part Ibr eyery increase of 1* of boat 

2nd. Table of the Corrections for Temperature to ftcduce Observations to 32® P. for 
Barometers with Brass Scales, by J. Glaisher, Esq. It is absolutely requisite to reduce 
the readings of the barometer to a certaiu acknowledged temperature, otherwise the 
true proHsure of the air could not be ascertained ; fCr it must be remembered that, 
besides the pressure of the air on the mercury, the mercury itself obeys the same law 
which is pitted out to us by the thermometer, t.s. expands by heat and contracts by 
cold. Thus, suppose the aqtual pressiuu of the air to be stationary, the barometer will i 
be seen to rise or fall, if there be an increase or decrease in the temperature of the air. 

In like mann^, the metal scale of the barometer is subject to expansion and contraction 
by an increase of heat or cold; and this, as Mr. Glai^er says, explains the apparent 
anomaly that, altfiougli the readings are said to be reduced to 32® (or the freezing-point), 
the point of no correction is 26|®. As metal bars will vary in length with every degree 
of temperature, k is apparent that a oertain temperature sl^ifld be determined upon at * 
which the standard txnit of measure must be r^erred to. 

Kow this temperature has been fixed at 62* P. ; t&exufore above 62®, as the xnetel 
will expand, this will moke the divisions on the scale of tbe barometer tCO lai^ ofid 
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<>onseq^ao&tIy the WmetotviU read Aoi^ do; on the 
62”y tlM metal cKmttvuo^tbig, inll brii^ the index di^^one cloeer together^ and baro- 
meter *will read too high, nnlesa Oorreoted. I^haii, on^ to this oatue alonOf •t the 
temperature pf 32** the barometer ia made to read *009 of an inch too hi^'. 

The i^at use of the reduotLon for tmnperatnre will be at onoe appm?ent when an 
example ie given : thus, auppoee a person has two barometers, one in a room heated 
irthkially and the othsares odd as po8aible:->- ' ^ 

Beading of barometer at temperature 0 ^ 90 ” « ss 30*200 

Ooireotion fbr temperature * « ^ , JL o^XOg ^ 

Beading oomctod for temperature . , . 30*035 inches. 


Beading of barometer at temperature of 40** . = 30*066 

Correction fbr temperature . *. . . — 031 


Beading oorreotod fbr temperature 


30*035 inbhes. 


The difference ‘134 inch between the two leadings being due to the eicpansive action 
of heat. 

These tables have been calculated from Scbumacber'B formula, which ia hero 
M^opiod : — 

m(< — 

* ^ ^1-f w(f— 32*») 

« = raiding of barometer. 

^ m = the expansion in volume <ff mercuiy for V F. m: 0*0001001. 
i = the temperature of the mercury and the scale. 

9 =r. the expansion of the brass scale in length for 1'* F. = 0*000010434 (the 
normal temperature being $2*’). 

Thus the fonuula becomes^ 

_ ^ 0*0001001 X 32) -- 0*000010434 X — 621 


1 + 0 0001001 X 32) 

3rd. Table of Corrections to be applied to Meteorological Observations for Diurnal 
Bange, prepared by the Counad of the British Meteorologleal Society. These tables are 
of the utmost importance, as they enable an obswwer, hrom one, two, or three readings 
daily, to find &om them the true monthly means; in fact, to make his observations represent 
a mding taken every hour day and night. Thus, if a reading of the barom^r is mode 
daily at 3 a.m. in March, the mean will be *023 too low, or, at 11 a.m., *015 too high. 
The necessity of this reduction becomes very evident from hourly readings of Ihe ther- 
mometer; for, suppose the readings are made in June, at 4 a.m., the mean will be 
too low, or, if at 2 p.m., 8®’6 too high. 

The only correction requisite for the reduction of moteorologicaf observarions not 
found in the three abov^-menti<med tables is that for capillarity— the capillary action of 
the tube of a barometer dspresaing the mercury by a quantity inversely proportional to 
the diameter of the tube. The following table will be found suffloipnt for tbis reduction : 
it is copied from the work published by the Committee of Physios and Meteorology of 
the Boyal Society:— c 



CO»B«CT10« 0^ IWBAPtBOS, 


tkrr00tkn to h$ added to Barometer readindefir mpQkte§ ae^m* * 


misnetertiftube. 

Xiiohu 

Oeireetleii for xuibolled tnhes. 

CtsmetlQia for iNifie^ 
Inch. 

0-60 . 

• . + 0-004 

4 • 

. 4- 0-002 

0-50 

. . + 0-007 

4 4 

• . 0-003 

0*45 . . 

. . 0-016 

* • 

. . 0-005 

0-40 

. • 0-014 

a • 

0-007 

0-85 

. • . 0-0^ 

a a 

0-010 

0-80 . • . 

0*028 

• a 

0014 . 

0-25 ' . 

, . . 0*040 

• • 

0-020 

0-20 . , 

0-060 

♦ * 

4 . 0*029 

0-1$ 

0-088 

ret 

*• • 

. . 0-044 

O-IO 

. .. . 0-142 


0-070 


The following leductiong for meteorologioiA observatioiu wiU supply exmples of 
every reduction necessary : — ' 

Bttomeiex B.educUoiiSir>-To find the n^Sn pressure of the heapmeter fhr the 
month of February, 1856 (height above the sea^level, 281 fbet). ^ 

Sum of all the readings made at 9 a.m., 867640 ; at 10 B.tt., <867528. 

Divide the above by the number of ob8ervationS.i 


29)867640(29-918 inches. 
58 


29)867528(29*91$ Inches. 
58 


Sum of all the readings of the attached thermometer at 9 a.m., 13435, at 10 B.u.^ 
18745. 

29)1 3435 (46’'3 temp, of mercury. 29)13745(47'’-4 temp, of mercury. 

116 116 


— I 



oomiBdtiontt mm, 


Ocmction fiir • 

• 

• 

s 2»'0l« 
ss-047 

Mean piKJssuiwcotveQted fur . 

Jailexerror « . « . , • . 

• 

= 29*871 
*002 

Mean pressure farther cocreoted for index e^ . 
Cknteotkma for capillarity, the mercury beiiig boiled 

* 

a 

3S-869 
. 4- 003 

Oorxeot reading for 9 a.m 

Cknereetfon for diurnal range for February « • 

a 

* 

= 29^87i 
006 

hpi^oximate mean pressure » • • • • 

f 

a 

r= 29-863 

Mean pressure at 10 7 . 11 :. 

Correction fbr tempmture of 47*4 

a 

a 

29*915 
= —050 

Mean pressure corrected for temperature • 

Index error 

a 

a 

29*865 
— 002 

Mean pressnre farther corrected for index error « 
Correction for cainllaiity, the mercury being boaled 

a 

a 

2 S 29*863 
. + 002 

Correct reading for 10 p.m 

Correction for diurnal range for Febroary • • 

9 

• 

39*865 
— 007 

Approximate mean jnessure • • • • 

Ditto ditto « • • • 

A 

a 

a 

29*858 

29*863 

6um of the two observatfona . » • . 

a 

3)69-72l 

Adopted mean preaaure for tiie month • « 

a 

j=: 29-8605 


To reduce tile meaiu pressme of the month to the Bea-leycly the adopted mean tom- 
poratmre of the air being and the oistem of the barometer 261 feet, the adopted 
mean pressure 29*660 inches. 

In Table 2 of Glaisher' s Hygrometrical Tables (page y.), showing the volume of a 
mass of dry air after expansion from heat fbr each degree of Fahrenheit’s scale, 4 will 
be seen that a stratum of air 90 feet in thickness will balance a Qf mercury 

0‘1 inch in height, 

ITie factm far 36® is 1*008 
Hultiply this by 90 feet 9u 

- feet 

90*720 = 90*7)28P003098ofaninch. 

2721 


••8900 

8163 

** _ « 



• 114 ' 



Mopted mm premQ for of SSHboi 
Ck)Tvmo& to zmoe to im-lev^ * 


AiM4oiml tiio moaa preswe it . 


mm ^ 

mroinoilii. 


Jlb m : 0*1 231 ; ss 


. — 3ft >C01 _ 


Anothor mothod, based upon t^e tbaomm of Sir George Bbaekburgb and the oalou* 
lationa of Begnault, has been desoribed bf Dr. Brev, of Southampton, who has oan« 
stmeted a table showtng tlie,height, in feet, of a eolum]], of air equiTolent in weight to a 
column of mercury one inoh in height^ at diltont temperatures, under a pressure of 
thirty inches of mercury. This table is copied &om Dr. Drew's ^ Fractioel MeteoaN* 
ology.” ' * 


Temp. 

Feet. 

Temp. 

Feet 



Foi any temperature above that giymi in the table^ the addition of 1*7 feet for every 
degree , and for any temperature below that given in the taUe^ the subtraction of V7 
feet foi every degree, will give the factor requhed. 

To work out the addition required to reduce to level, let represent the tabular 
numbi^r opposite the temperature of tho air, s the reading of the barmneter at/ feet 
above tlie sea-level, and a? the correction inquired ; then * 

*=tXS) 

Dr. Drew gives the following practical ezam|de • — Tho barometer being 29*500 
inchost tne temperature being 60®, and tho hei^ above son jvel 60 ^t ? 

• * * X = 0*065 correction required. 

960 'O oO 

^ 29*500 0*065 =r 29*565 inches (the pressure reduced te the sea-level). 

Thenuosnetai' wf*t*M*v r— ’T’a £iid the mean temperature for the month of^ 
December, 1855, from ohJervations made at 9 a.m. and 10 p.m., and from sslf^-regiiter# 
ing thermometers. ^ 
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HBAir ooltBBdntara, 


Sum ol all mdmga mdo at 9 a.x. 1091$ ; and at 10 t.U. 11917* 

ai}1091fi(a5’’a laean at 0 0 . 11 . 

81)11017(33’-S mean at 10 r.M. 

9S 4- 0”*d cor. for diurnal ronga. 

93 4^ 0**’5 omrreotion for diurnal rang^. 


— '**<>1.1 ...■I 

161 36''‘1 approx, mean for moatL 

171 86**‘0 approxt moan for month. 

105 

16£ 


167 

62 

166 * 

• 

8^ 

12 

Sum of all iho readings of a self-registering minimum thermometer, 9365 ; ahd mam- 

mum thernsameter, 12759. 

« 

31)0365( 30'*‘2 moan minimum temp. 

31)1275C|(41'**2 mean maximum temp. 

93 -j- 0^*2 index coTor. 

124 — 0^*2 index error. 

65 30^*4 corrected for index error. 

35 41'*‘0 corrected for index error. 

62 

<1 

31 




62 


— 13 

00*4 mean minimum corrected. 


^ 4r0 mean maximum corrected. 


2)71 ‘4 sum of the two series. 


85°*7 mean of tlie two scries. 


0*0 correction of diurnal range. 


35*7 approximate moan from self-registering instruments. 

36*1 approximate mean from hourly observations at 9 A,*. 

36*0 approximate mean from hourly observations at 10 F.H. 

3)107*8 sum of the throe scries. 

i 

35®*9 adopted mean tompciaturc for Deoember, 1855. 

To find the mean temperature of the 

W*;t bulb thermometer, for the mouth of 

December, 1855, frnm daily observations made at 9 a.m., and 10 r.M. 

Sum of all the readings at 9 a . m ., =r 10509 ; at 10 p.m., z= 10658. 

31) 10509 ( 33®*9 mean at 9 a.k. 

31jl0658( 34°*4 mean at 10 p.m. 

93 -}- 0 *6 por. for diurnal range. 

93 4“ ^ '2 cor. for diurnal range. 

* 120 34 ‘5 approximate mean. 

* 135 34 '6 approximate moan. 

93 * 

124 

•279 * 

•118 

279 • 

124 * 

• • • 

— ..6 

4 





Approximate moan from obaervatioiifi made at 9 aM^ sx 94 *0 
» ff }9 99 99 at 10 s= 34 *0 

8um of the eeries 2)69 *1 

Adopted mean temperature of the we{ bulh » , = 34'’’3 


'ro find the mean tomperatnre of evaporation. 

Adopted mean temperatiire of the air from dryhulb 
Adopted mcah tompcratuin of the wot bulb • 

Blf^ence 

Adopted moan temperature of air . ^ 

Didercuce, ur mean temperature of evaporation 


= 36*0 
= 34*5 

= 01*5 
= 85*9 


To find the moan temperature of the dear-point, the mean dry btdb* bein^ 35®* 
and the mean wet bulb 34“‘5. 

Example 1. — In the hygrometiical table for 35®, • 

The dew-point opposite to 34® wet bulb la • • 32 4 • 82*4 

The dow-pomt opposite to 35® wot bulb is . . 35 0 

Differ fnte on the increase in dew-point for an in- 

croaae of 1® m wot .... ,2*6 

Piopoitioual part of tho incrcal>c for 0‘‘*6 IS# . . . . , -J- 1 3 

Ti mperaturt of the dew-point coiTt«iponduig to 35® dry, and 34®*6 wet, is 83*7 
In tlio fomth column the de(rea<w of dew-point for au increase of 1'^ 

m tho diy bulb is — To, the proportional part for 0 8® is . — »• 

The adopted temperature of the dow-pomt for85®’8 dry, and 84®*5 wet, is = 32‘6 


Eximple 2 — To find tho mean h'lnperaturo of tho dow-point for the month of 
Deccnibt r, 1855, diy bulb being 36" 0, and wet bulb 34®*5. 

In tlu b} piomctrical table for 36®, 

Tbi dt v\ -point opposite to 34® wet bulb is . . 81*0 . . 31*0 


The I w-point opposite to 35® wot bulb is 

Diffcieneo ...... 

Proportional part of the increase foi 0® 5 is 


. + 1*2 
. =32*2 


Mean tempeiatuio of dew-pomt • = 32*2 

The same tables, and the same manner of reduction, will find “ the elastic force of 
vapour,” “the weight of vapour in a cubic foot of air,” “ the additional weight required 
10 saturate a cubic foot of air,” and tho “ degree of humidity.^ To render the tables 
cleTr, one example of each will bo woikod out for a temperilture of 36°*8 dry bulb, and« 
34®*6 wot bulb 

• 

• The hourly readings oyihe thermometer, which aie made at the some tSme as those of the wet 
%ulb, are called the * dry bulh.* 



To iftnd ^ elMtib fqroc of TBponr of texoSiOQMhtre^ of 85*^^8,< the vet bul! 
bemfe 84^*5. 

<be hygiometritefll tabfe fbr Sir, 

' Ii»eli ' ' ' ' Inch 

The dastio force of vapour ^ippooite to S4‘ vet bulb is ; 0"184 . 0*184 

The elastic force of vuitour opposite to 35® vet bulb "is ^ 0*^4 

Difference, or the increase for m increase df I® in vet , 0*020 

Fropoitionalpart ofthe inorease £or^®1i is , ' v , . , . 0*010 

Elastic force of vapour corresponding to S5® dry, and 84*^*5 vet is . 0*190 

In the 6th oolunui, the decrease of the elastic force of vapour for an in* 
crease of 1® in. the dry bulb, is - h- 0*010; the proportional part 
‘ for0®*8.1a ■ —0*008 

Mean elastic force of vapour . 0*182 

To find the vhole amount of vater in a vertical column of the atmosphere, i.e, from 
the surface of the earth to the top of the atmosphere. 

This CM found by multiplying the elastic force of vapour by the constant 1383. 

1383 constant. 

182 

2766 

11064 

1383 

2*51706 inches. 

^ Thus the whole amount of water in a vortical column of the atmosphere, if pTf';.*ipi 
tated m the earth at one time, would be in this instance 2*5 or 2| inches. 

To the weight of vapour in a cubic foot of air. 

In the hygrometrical table for 36®, 

The weight of vapour in a cubic foot of air opposite 34® Graip«, 

wet bulb is 2*1 2*1 

The weight of vapour in a cubic foot of air opposite 35® 
wet bulb is . 2*4 

Difference, or tlie increase in weight of vapour for an 
increase of 1® in wet is , 0*3 

Proportional part of the increase for 0®*5 -4-0*1 

Weight of vapour in a cubic foot of air corresponding to 36® dry and 

34'’*5 wet is jil 2^2 

In the 8th column, the decrease of weight of vapour for an increase of 1® 

in the dry bulb is 0*2, the proportional part for 0®*8 is — 0*2 

The adopted weight of vapour for 35®*8 dry and 34" -6 wet is . . 2*0 


To And the additional -Keighiwf rapour required to saturate a cubic fool ^f air. 
In the hygrometrical table for 35®, 
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Tho dry bulb b^ing 36®*8 and the wot bulb 34®*5. 

Additional weight of vapour required to saturate a cubic Grain. Grain. 

foot of air opposite 34® wet bulb is . . . .0 3 . . 0*3 

Additional weight of vapour required to saturate a cubic 
foot of ah' opposite 35® wet bulb is . . . . O'O 

Difference, or the decrease in amount required to saturate 

a cubic foot of air for on increase in 1® in wet bulb is 0-3 
Proportional part q £ tlie decrease for — 0*2 

Additional weight of vapour required to Batui*ate a cubic foot of air cor- 
responding to 35® diy and 34®*5 wet is 0*1 

In the 10th cobimn, the increase in the weight* of vapour reqiiired to * 

saturate a cubic foot of air for an increase in 1® drj^ is 0*3, the 
proportional jjart for 0®‘S is ’ + 

The adopted additional weight of vapour required to saturate a cubic foot 

of air for 35'-8 dry and 34“*5 wet is = 0‘3 

» 

To find the degree of humidity, the temperature being 35'"'8 and tho wet br:Ib 34 '*5, 
complete saturation = 100. • 

In the hygroraetrical table for 35®. i 

Degree of humidity opposite 34® wet bulb is . . .90 . . 90 

Degieo of humidity oi)posit(' 35® wet bulb is . . . 100 

* 0 

Diflerenec, or tho increase of humidity for an increase of 

1 ’ in wot is 10 • 

Proportional part of the increase for 0®* 5 is "1“ 5 

Degree of humidity coiTcsponding to 35® dry and 34®'5 w'et is . . 95 

In the 12th ctdumn, the inrrease in the degree of humidity for an increase 

of r in the drj^ bulb is 9, the proportional part for 0'’*8 is . . — 7 

Adopted degree of humidity for 35 ’’8 dry and 34'*‘5 wet is . . . zr 88 

To find tlio weight of a cubic foot of air, the mean pressure of the barometcT being 


29*742 iuebes, diy bulb and wet bulb 34'''5. 

In the h ygromctrical table for 35*^. 

In column 1 3, the weight of a cubic foot of air (the barometer being Grains. 

29 ’0 inches) o]>posite 34® wet is 543'4 

In column 14, the decrease of weight for an increase of I® in diy is — l”'l, 

the proportional part for 0^’ 8 is — 0'9 

* • 542*5 

In column 14, the increase of weight for an increase in the heading of 
^ the bai’onieter for one inch is 18®*7 grains. # 

Opposite 7 in the table, under 18®*7 in lost column, is . . . . 13*1 

Opposite *04 in tlie table, in right-hand comer of the page, is . . 0*7 

, Clzc adopted weight of a*cubic foot ot air is . . . • . . 556*3 
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To find the moan pressure of dry air, or that due to the gases when separated from 
the water contained in the air. 

Subtract the adopted clastic force of vapour (which is the pressure of the water 
contained in the air) from the adopted pressure of tlio barometer. 

Example. — If the mean pressure of barometer is . , , = 29*742 inches, 

And the elastic force of vapour is . . . 0*186 inch, 

The pressure of dry air (of that due to the gases) will be . = 29’o56 inches. 


To find the monthly range of temperature, &c., deduct the coldest tomporaturc from 
the hotter observed during the month. Thus — 

Hottest tcraperatuijo ..... 60'’*8 

Coldest tcmi>erature 12‘’*0 

Monthly range of temperature . . . 38"** 8 


To find the mean daily range of tcmiK*ratur(‘, (h'duct the mean of all the readings of 
the minimum thermometer from the mean of all the readings of the moxiinujn ther- 
mometer. 


<k.> 

!Mean maximum lcm])oraturo 

Mean minimum tcmjierature 

• 

. 4r*o 

30'*' 4 


Mean daily range of temperature . 

. 

. = 1C"*G 


To find the amount of terrestrial radiation, deduct the reading of a minimum ther- 
mometer pbujed on the gi*ass from that of a minimum thermometer placed four feet 
above the grass. "J'hu.s — 

(ireatest cold four foet above the grass . , 36’ *5 

Greatest cold on the grass .... 27'’*8 

Amount of tciTOstrial radiation . . 7 


To find the amount of solar radiation, deduct the reading of a maximum ther- 
mometer (with a blackened bulb) placed in full sunshine from the gieatcst heat in shade. 
Thus— 

Greatest heat in sunshine . , . = r)9'’*3 

Greatest heat in shade . . ... • = 34®*1 

Amount of solar radiation .... 25'’*2 


To find the greatest heat and greatest cold of the wet bulb thermometer. This is 
obtained by attaching the mu'-lin and cotton conductor to sclf-ret/iHcring thermometers, 
instead of to the ordmai*y^ thermometer. Thus — 

Greatest cold of dry bulb . 34'’'0 Greatest heat of dry bulb . 46'’* 7 

greatest cold of wet bulb •. 32®*5 Greatest heat of wet bulb . 42'’*8 


Diflbrence . 


°'5 1 Difference . . . . 3^*9 
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To find the range of temperature of the wet bulb thermometer, deduct the greatest 
heat from the greatest cold recorded. Thus — 

Greatest heat 42'’‘8 

Greatest cold 32^' *5 

Range of wet 10"'‘3 


To find the moan amount of cloud. 

This, by practice, i« accomplished very accurately by estimation, 10 being considered 
an overcast sky and 0 a cloudless sky. It must bo remembered, in making the (‘stimato, 
tliat, with a partially covered sky, the forms of the clouds, and the space they cover, 
ai;e only con'cctly seen in the z(‘nith ; the nearer the horizon we approacli, the mor^ 
obliquely do we look upon them ; and, consequently, near the horizon the sky will 
a])pc:ii to be more ov(t ust than it is.in reality. The obsoivor's judgment should, there- 
fore, he more osp(‘cially confined to the upper half of tlio sky. 

Ohscrviitions made at 9 a.m. and 10 p.m., December, ISoo. 

Sum of all the cslimates at 9 a.m., 2158 ; and at 10 p.m., 2021. 

01)215S( G"-9G mean at 9 a m. 31)2024{ 6’'5 mean at 10 p.sr. • 

186 — O'*'! cor lor diiinial range. 186 + 0’*2 coixection for diun\al range. 


298 C'*86 con’ccted amount. 

279 


1G4 0'’7 con-ected amount. 


corrected reading at 9 a.m. 6" ’9 
corrected reading at 10 p.m. 0^'7 

sum of tbo two scrit's 2)DJ’‘G 

adopf('(l mean amount of cloud . . 6^’8 


Classes of Clouds. — IMr. Ir.ike Howard, the well-kuo-wn meteorologist, was Ibe 
fii st to rl{is‘'ify the clouds ; and these clas.scs have been very conveniently abbreviated by 
jMi (^laishi'i. They are — 

Cinus ei . . . fc'athery-looking, the most lofty cloud. 

Chimulus eii . . . mouiitainou.s-lo(ikiTig. 

Stratus zi: et . . . the ground-cloud — forms at sunset and disappear at 

sunrise. 

CiiTO-ciimulus =: ci-cti . . rounded masses, or wooUy tufts. 

Cirro-stratus r*: ci»st . . horizontal masses. 

Cumulo-stratus cu-st , . an aceumulation of cumuli, sometimes fungus-shaped, 

^ Nimbus zz ni . . . rain-cloud. ^ 

Scud zz: sc . . . broken, flying nimbi. 

In recording the class of clouds, the interest is increased by also recording tlio direc- 
tion in wbieh till' clouds ^To moving, tlio colour of iht' clouds, and Ibcir height and 
%clocity. The height may be conveniently estimated h^ supposing 6 to represent very 
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high clouds, and 0 those floating along the ground ; he Telocity, by supposing 6 lo 
represent those moving at tho greatest speed, and 0 those motionless. 

To find tho mean daily amount of rain. Whole amount of rain collected during tlio 
month of December, 1866, 0-764 of an inch. 

31)0-764(0*025 of an inch bciug.thc mean daily amount. 
62 


To find the mean daily amount of evaporation for December, 1855. TVTiolc amount 
evaporated, 0*610 inch. 

31)0*610(00197 

31 


— • • 7 Therefore, 0-020 inch is the daily anu unt. | 

\ 

0 ^ 

To find th(‘ amount of evaporation in rainy wt-athor. i 

' Sup 3 ) 08 e 1*000 inch of water is placed in the evaporator, and thjit a rain-gatigo, of the 
same diameter as the evaporator, and placjod at the same level, has recorded 0-510 inch j 
of lain since last observation, >vhil.«^t the evaporator is found to contain 1'444 inchi's. j 
Then I 

1*4 44 inches the amount in evaporator. j 

0 510 amount of lain. j 

0-934 difference. ! 

1*000 amount of >vuter placed in tho evaporator. | 

0-066 of an inch is the amount due to evaporation. 

To estimate the force of wind, 

Anemomctei-s being expensive, the majority of mctooi-nlogists estimate tho wind’s ^ 
force. It is recommended that 0 represent a calm and 6 a hurricant', for this e.^timatc : 
is casil}* converted into lb. prcssuie on tho square foot; the square of the estimate i 
will represent the lb. pressuio on the square foot ; viz. — j 


By practice a near approximation to the truth can bo obtained. 
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Mr. BclTillo, in his Manual of the Barometer, gives the following concise table of 
factors for deducing the temperature of the dow-point, from the temperature of the air 
and that of the temperature of evaporation ; this table originally ap];)eared in the Green- 
wich Magnetical and Meteorological Observations for 1544. The dew-point deduced 
in this manner, is a dose approximation to that obtained by Glaisher’s hygrometrieal 
tables. 


iEBBSSSI 

Factor, j 

. 

Temperature. 

Factor. 

Temperature. 

BMjHI 

28" to 29" 

'5-7 *1 

34" to 35" 

2*6 

55" to GO" 

1*9 

29" „ 30" 

50 ! 

35" „ 40" 

2*4 

60“ „ 70“ 

1*8 

30" „ 31" 

4-6 j 

40" „ 45" 

2*3 

70" „ 80" 

17 

31“ „ 32“ 

.‘^•6 1 

45" „ 50" • 

2*2 

80" „ 85" 

1*6 

CQ 

31 : 

50* „ 55" 

21 

85" „ 90" 

1*8 

33" „ 34" 

2-8 ; 






Multiply the cliiTorenco between the wot and dry bulb by the factor corresponding 
to the temperature of the dry bulb, and subtract the product from tlie dry bulb, which 
will be the temperature of the dew-point. T the temperature, W wet bull^ / factor, x 
the product, and D the dew-point. 

T-~'VVx/=« 

and T — .c =; D. 

Thus : — ^temperature 60 and wot bulb 4.5'*, ^ * 

60 -- 45 = 5 

o X 21 = 10 -.5 , 

.50 — 10*6 = 39®'6 the dew-point. 

By Idr. Glaisber’s tables this dew-point is SO"**?. 

Recommendations and Pzecautions. — Preserve, as much as possible, the con- 
tinuity of the obsciwations. It is desirable not to change the positions of the different 
instruments, nor evc'n to alter tho method of reading and rcgistcTing. As it is probable 
when two persons are employed in taking observations, that each will read slightly 
ditferent, a aeries of simultaneous readings should bo made, in order to find tiie personal 
error of the observers. If, from any cause, the continuity of tho register should be 
broken, on no account attempt to fill the blank so caused by estimation. Be punctual 
to the houi-s detemined upon for observations, and read off tho in.striim(‘nts in the same 
way every day ; by doing this, it is less likely that an observation of any one instni- 
nieut shall be overlooked. It is convenient to rule and mark off the form of observation 
upon a slate, to be transferred to the observatory book, after tho Avhole observations have 
been made. Bc’forc calcTilating tho means, it is recommended to examine each column, 
to ascertain that no evident error of entry has been made ; — an inch in tho reading of tho 
barometer is a comjnon ^rror. The maximum reading of the thermometer is also some- 
times enttTcd in tlie wi*ong column, being placed in that of mijiimum ; and vice versa, 
Decijnal arithmetic should always be used. ^ 

Before fixing tho barometer, it should bo asceriained that the space above the mer- 
cury is free from air Incline the instrument slightly fw>m its vertical position ; if tho 
mercury, in striking the upper end of the tube, produce a sharp rap, the vacuum is per- 
fect; if the lap be dull, or tot heard, there will be air above tie mercury, which must 

I. V-. * 
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bo driven into the cistern by inverting the instrument and then tapping it gently. II 
the observer does not succeed in producing this sharp report by tapping, the instrument 
vriU require the aid of the maker. In fixing the barometer, adjust the tube vertically 
by the aid of a plumb-lino. In reading the instrument, place the eye on the exact 
level of the top of the column of mercury, so that each side of tho index, and the top of 
the column, shall be in the same horizontal plane. 

The thermometers should bo protected from rain ; and in making a reading the 
observer should do it quickly, and whilst doing so avoid touching, breathing on, or in 
any way warming the thermometer by tho near approach of his person. 

Sir John Horschel recommends that every meteorologist should take an observation 
every throughout the twenty -four, on four stated days in tho year ; viz. March 21, 
June 21, September 21, and December 21, excepting when one of those days occurred on 
Sunday, then to substitute for this date the 22nd. The observations to commence at 
6 A.M., and teiminato at 6 a.m. next morning. 

Thennometers should ho frequently compared with a standard instrument, in order 
* to ascertain whether the freezing-point has remained at tho temperature as marked off 
on the scale. It is a well-known fact that the zero point moves, ascertained from the 
circumfftance that after a great change in temperature, tho glass requires a considerable 
time to enable it to return to its normal condition. 


Newman’s Standard Barometer form of Rutherford's thermometer differs in 
tho following manner from that already dc'seribed : — A platiutun tnb(‘ is drawn ovi'r a 
steel wire, whieli is said to iwovont the index from fixing by oxidation. Not having 
' had this instrument at work, I am imaHe to speak of its advantages from practice. An 
improvement has also just boon aceomidished with Negretti and Zambra’s rain-gauge. 
1 concjcivcd it was liable to have the water in tho canal .suiTOunding it omptbxl intr) 
the graduat(^d glass with the min to be measui*ed. At rtiy suggestion thii lias bt'cn 
fdtei*ed; tho canal is now placed much lower down the gauge, and tluTe seem.s no 
possibility of an erroneous measurement. Tho gauge may, therefore, bo now said to 
be perfect. 

Of late yeai's two now barometers have appeared, — viz. the Aneroid and BurdoWs. 
Tliey are both good indicators of atmospheric jiressure, but cannot take tho place of n 
Standard barometer. In the first place, the metal is niflneneod by temperature ; and in 
the second, there is a chance of tho box of tlie Anei’oid and the tube of tho littrdon losing 
their vacuum. As a household instrument they arc pri'fcmid to tho common wheel- 
barometer ; but I have not had an opportunity of testing their res])oetivc merits. 

At the time of the Great Exhibition of when tho juiy were examining tho 
meteorological instruments, a remark was made that a more piufect maximum and 
minimum thermometer was required, both of ^i^hieh should be mercurial; and on tho 
counsel-medal being presented to Messrs. Negretti and Zambra, their attention was 
called to this suggestion. Not many months had elapsed b^'fori' the patent maximum was 
produced, and williiu four years the patent minimum. The latW was sent for trial to a 
ft'W meteorologists six^nontb'i ago, and one of the^e instrument.s eann^ to tho Bcoston 
Observ’atory. Tho (ixper^ments made with it have been perfectly succe.s^ful ; indeed, so 
much so, as to havij astonishi'd all who have u.sed it. The ordinary minimum ther- 
mometers do not work uniformly with this new iiLstniment, owing to tho alcolndic 
vapotir contained in the upper portion of their tube, and which is more or less diiveloped 
according to the temperaturo. Two such important improvements have not taken pin do 
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since the invention of tlic thermometer ; and it is creditable to them that both should 
have emanated hrom the same pei’sons who invented the enamelling of fine tubes. 

Professor 0. P. Smyth, the Astronomer Iloyal of Scotland, has caused the electric 
telegraph to work in mete orology. A wind dial at the one extremity of a wire is made 
to turn another simultaneously at the other extremity. The time will come when all 
large towns will have buildings devoted to these observations, and in which dials w'ill 
bo seen in every direction, some labollod hldinburgh, others Liverpool, Dublin, London, 

Paris, York, &c., and where the public will be enabled to see the direction of the wind at 
the same instant at most remote places. The benefit to the fai*mcr and tlie navigator will 
be great from such an arrangement. Were such stations to be thickly scattered through- 
out the country, every change of wind, and every shower, could bo traced and recorded, 
and a knowledge imparted, tlic benefit of which could not be sufficiently appreciated. • 

To bo enabled to announce the ai>proach* of a *thimder-stomi, however, at a time 
when tlie sky is free fi om clouds, an^ to ascciiain its speed so as to foretel when it may 
be expected in any given pla<jc, would afford the farmer an opportunity of so benefiting 
by the information tliat he would gladly pay a small rate in order to take advantage • 
of it. The W'orld is slow in appreciating any now invention until ita usefulness is 
experienced; lot us, how’cver, hope tliat one or two such stations may speedily bo 
established, and we vouturo to predict that, at no very distant period, every conspicuous 
c'lnbionce will have its road i^tation, to impart the information collected al the principal 
establishments, where the electric wires aro made to reiiord the changes as they occur. • 

(Jur knowledge of meteorology would then make rapid advances; laws of the weather ^ 
would be unfolded ; and predictions of coming changes, which are now mere guesses, as 
often WTOiig as right, w'ould be based iijum truth.^ • 

It is a common expression that nothing is more cliangcable than the weather ; yet 
that all tliose changes arc governed by ceiloin laws, is as eeiiain as that gravitation* 
f)iiids the licavcnly bodies together. Wore there no laws to keep the cluinges within 
cei-tiiin limits, we should at one period experience cold, and at anotlier heat so intense, 
that existence would be intolerable ; the earth would bo deluged witlx rain, and anon 
pai'ched up with drought ; the slcy would he cloudy for months, perhaps years togetlicr, 
and then cloudless for as long a period ; in short, the laws which govern the weather 
keep the exlreme changes wdthin proper bounds. 

As the more complwjated machinery of a meteorological observatory cannot be ex- 
pected to be found except in our principal estabUshments, it will be requisite to mention 
what instruments are absolutely necessary for the ordinary observer. These are — 

A standa' d barometer. A rain-gauge. 

A wet ami dry bulb thcnnometcr. An evaporator. 

A maximum and a minimum thcr- A thennometer-stand. 

mometer. A wind- vane. 

These would cost from .£17 to £30, according to which barometer was selected. 

The following additional instruments are also desirahlo (the expense would bo £4 or 
£5) : — The solar and tc^TCstrial radiation thermometers, Glaishcr’s electrometer, an 
ozonometer, and an extra rain-gauge. • 

Snow Gauge. — The gauge used hero consists of a thin metal cylinder, eight inches 
in diariieter and tw^olve inches deep, graduated upon one side to a quarter of an inch. * 

This cylinder will penetrate through the snow, scarcely disturbing it, and the depth in 
inches is at once seen. By careful manipulation, if the cylinder is turned round, all 
thi) enclosed snow can be lif!bd from the ground. It is desirable to melt it in a wide- 
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mouthed bath, being previously corked to prevont evaporation, as it frequently happens 
that snow is blown out of the mouth of l^e rain-gauge before it has had time to melt ; 
consequently, the result of melted snow, as shown by the rain-gauge, will be too little 
in amount. 

Calendar of If atiure. — Every meteorologist jshould endeavour, as much as pos- 
sible, to record the arrival and dopartiiro of migratory birds, the dates of trees coming 
into and losing their leaves, the blooming of plants, tho ripening of fruit and seeds, the 
building of birds’ -nests, tho first appearance of various insects, diseases amongst animals 
and plants, the appearance of abundance or otherwise of crops *of fruit, com, &c. If 
such registers were extensively kept and carefully recorded, tho efibet of the weather 
upon the animal and vegetable kingdoms would be well seen. It is extremely desirable 
t^t every precaution should be t^hen, in order that, year after year, the same object 
should bo the special one on which tlic' remarks ore based, and that one species is not 
mistaken for another. The following examples will show that it is essential to use the 
utmost care : — 

First, ** the elm is said to lose its loaves on a certain date.” Such an observation is 
useless. It is requisite to mention the particular kind of elm ; thus, tho broad-lcaf elm 
is the first tree to become leafless, which it frequently docs in September ; the Siberian 
elm, on the contrary, will remain green after all other trees have become leafless, — 
sometimes it is in leaf as late as December. It will also be found that the same 8j)ecic8, 
in a group whose boughs touch each other, wUl come into leaf at different dates. In 
no tree is this more strikingly exhibited than in tho beech ; two beeches growing close 
togotlier may bo seen to vary a couple of weeks in their period of coming into leaf. 
The age of tho -tree also causes a difference to occur. In the different kinds of lilacs 
and laburnums, there will be a range of some days in their time of coming into bloom. 
Amongst herbaceous plants, none that have been transplanted should be the objects of 
record. 

In migratory birds, tho swallow, sand-martin, and white-martin will appear, at 
different dates, in places so near together, that a flight of one minute would enable 
them to reach it. The swallows arc seen near the Trent some days previous to coming 
hero, although only a mile distant. The cuckoo and the landrail are invariably heard 
earlier in the season three or four miles west of this place. 

Amongst the observations on the ripening of fruits, the strawberry will serve as an 
example : the variety called black prince will be ripe before Kean's seedling, Kean's 
seedling before British Queen, and British Queen before the Elton pine. 

In entering tho flowering of plants, it is udvisablc to give the dates when they first 
come into bloom, os well os the dates when in full glory of flower, and when the 
blooming is over. 

The most conspicuous objects should be entered in a book, space being left which 
may occupy the remarks for several years. Every observer who, for a course of years, 
pursues such a course of observation, will find that ho has done some good to his kind ; 
and if any plan could be devised for recording and bringing,, toge^er such a b(»dy of 
observations, they world form a valuable collection of facts for the naturalist and 
meteorologist to generalb^o upon. ^ 
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Ar.Tri(ri»K distance aho’ c the horizon, 85. 
Altitudo of moon’s lower limb, 94. 

Altitude of moon’s centre determined, 1U8. 
Ambiguous angles, 22. 

Amplitude of an aic of the horizon, 86. 
Apparent time, 88. 

Apparent and true altitudes, 1G3. 

Apparent altitude, 87. 

Artificial horizon described, 114. 

Astronomical time, counting twenty - four 
hours from noon, 89. 

Augmentation of the moon’s senii>diameter, 
91. “ 

Axis, im imaginary lino drawn through the 
centre of an object defined, 34. 

Axis of the heavens, 85. 

Azimuth defined, 85. 

G 

Celchtial longitude, 87. 

Celestial latitude, ib. 

Celestial meridians, i»j. 

Charts, 180. 

Civil day, midnight o midnight, in two sm- 
cessive sets of twelve hours. 81. 
Chsoiiomcters, 130. 

Clearing tlie lunar distance, 145, 

Compass disturbances, 1S9. 

Compound eoui se, 47. 

Computing the altitudes, 134. 

Cone of latitude, 80. 

Construction of a course, 46. 

Continued rhumb line, C8. 

Contracted mctliod of calcalatioii, 18. 
Corrections lor dip demoilbtrated, 90. 
Corrections for celestial objects, 89. 

Correction of mean atmospheric refraction, 94. 
Correction for semi diameter, 90. 

Corrections for altitude at sen, 94, 98. 
Corrections for refraction, 91. 

Corrections for parallax, 92.^ 

•Corrections for apparent time at Grcenwiob, 
98. • 


Corrections for sun’s declination, OS. 

Correction for ship’s run, 115. 

Corrections for mid latitude sailing, 59. • 

Co«BCcant of an angle, 7. 

Cocaine defined, 7. , 

Co*tangents of an angle, 7. 

Couriies, a line marking the course of a ship, 
37. 

D • 

Daily variation in time of moon’s transit, 103. 
Day’s work of a ship, 37, 

Dead reckoning, 1 H. * 

Declination, distance of a celestial object from 
the equinoctial line, 86. • 

Definition of terms, 34. 

Determining the latitude from the meridian 
altitude of a celestial object below the pole, 
106. 

Deviation of the compass, 124. 

Dip of the horizon, 89. 

E 

Ecliptic, or great circle, acicribed by the sun, 

86 . 

Effect of error in altitude on time, 132. 

Equation of time, 88. 

Equator, a great circle perpendicular to the 
axis, 34. 

Equi-angular triangles, 10. 

Equinoctial points, when thu ecliptic crosses 
the equinoctial, 86. 

Equinoctial or celestial equator, 85. 

Errors of estimated longitude not important, 
99. 

Examples for computing altitude, 151. 

Examples of travel se, 70, 71. 

Experiments on^nder-currents, 73. * 

F 

Figure of the earth, 33. 

Finding time at sea, 131. 

Finding longitude at sea, 129. ^ 
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Formula for solution of plane triangles, 82. 

Longitude from the chronometer, 139, 

Foucault’s pendulum experiment, 79. 

Longitude by lunar observation, 91. 

Foucault’s experiment illustrated, 192. 

Longitude determined, 141. 

Longitude fiom lunar observation, 144, 15C, 

0 

161. 

Graduated limb of the sextant, 179. 

Longitilde, the distance of a place from the first 

Gi-eat circles, 87. 

meridian, 35. 

Great circle sailing, 75. 

Lunar day the interval between two successive 

H 

passages of the moon over the meridian, 88. 

Halley’s table of meridional parts, G7. 

M 

Horizon, a plane touching the surface of the 

Magnetic needle, 37. 

earth, a^id forming the most distant point of 
Vision, ^5. « 

Mariner’s compass, 36. 

Making observations, 149. 

Horizonlul parallax, 93. 

Mean time computed, 102. 

Mean time, 89. 

I 

Mean solar day, 88. 

, Immersion, 172. 

Mean state of atmospheric refraction, 31. 

Imperfection of machines, 93. 

Mercator sailing, 60, 60. 

Index error, 93. 

Meridian altitude of the sun, 114. 

Index corfcction for apparent time at Green- 

Meridian, half circles perpcndicolar to the 

wich, 99. 

equator, 34. 

Index error, 179. 

Mendional parts of an arc, 63. 

Index correction for sun’s declination, 99, 

!Mid latitude sailing, 53. 

< Instrumental errors, 174. 

Moon’s declination, 103. 

L 

Moon’s parallax in altitude, 93. 

Latitude at sea determined by meridian alti- 
tude, 05. 

ir 

Latitude from the sun 'when above the pole, 

Nadir the zenith lino continued to the oppo- 

%7. 

1 site side of the celestial sphere, 85. 

Latitude from a star above the pole, 101. 

Napier’s tables of logarithms, 4. 

Latitude from the moon above the pole, 102. 

Natural secants, 17. 

Latitude from a star ^rhen below the pole. 

Natu’*nl tangents, 17. 

107. 

Latitude from the sun when below the pole, 

, Nautical astronomy defined, 84. 

107. 

0 

Latitude determined by taking ultitiidc of a 

Obsei-ved altitnUe, 89. 

celestial object on the ship’s meridian, 109. 

Observed azimuth, 127. 

Latitude from two .'iltitudi.s of the sun and in- 

Observing a lunar distance, H9. 

tervening time, IH. 

Oblique sided triangles, 21. 

Latitude from the moon when below the pule. 

Oblique sailing, 74. 

108. 

Oeultations and eclipses of Jupiter’s satellites. 

Latitude from double altitudes, 123. 

Latitude or distance of a place from the equa- 

171. 

tor, 34. 

P 

Latitude from altitude of two fixed siars ob- 

Parallels of latitude— cii’cles parallel to the 

served at same time, 121. 

equator, 31 

Latitude from declination, altitude, and hour 

Parallel sailing, 50. 

angle, 109. 

Parallax in aliilude|»92. r 

Latitude deduced from nv^ridian altitudes of 

Pendulum experiment, 191. 

Arcturus, 101. 

Plane sailing, 40. 

' Latitude deduced from a Hydra, 101, 

Plane tiiangles, 30. * 

Lee-way divergence fiom a ship’s couv^c by 

Points of the compass, 33. 

side winds, 37. 

Poles, the o.\tiomities of the a.xis, 37. 

Logarithms defined, 6. 

Precision of lunar distances, 156. 

Logarithmic arithmetic, 6. 

Principles of naVigaiion defined, 1. * 

Log-Une for measuring the rate of sailing, 37, 

Proportional logaiithms, 158. 

1 



INDEX. 


587 


Q 

Quadrant described, 172, 

B 

Radius of the circle, 7. 

Rate of chronometers, 140. 

Rate of sailing, 37. 

Reductions to different meridians, 03. 
Reducing declination to Greenwich time, 100. 
Refraction, 91. 

Revolution of the meridian line, 81. 

Rhumb line described, 1, 

Right ascension, 87. 

Right-angled tiiungles, 11. 

Rotation of the earth, 33, 77. 

8 

Sailing in currents, 72. 
ficurcshy’s Researches, 100. 

Secants of the angle, 7. 

Semi-diameters, 90. 

Sc\tant described, 172. 

Sextant, method of using, 178. 

Ship’s departure, 42. 

Ship’s le honing by dead reckoning, 161. 
Ship’s journal, i81. 

Sidereal day, the time occupied in one rotation 
of the earth on its axis, 88. 

Sideical lime, 88. 

Signs of the zodiac, 87. 

Sine of an angle defined, 7. 

Siiecinien of ship’s journal, 183, 

Suhtended angle of the sun’s diameter at the 
fcntic of the earth, 90. 


T 

Taking a departure, 74. 

Tangent^of an angle defined, 7. 

Theory oi the sextant, 176. 

Time, subdivision of the day, 8S. 

Time from altitude of the sun, 134. 

Time deduced from a single altitude, 133. 
Time from equal altitudes, 138. 

Time deduced from a star, 136. 

Traverse sailing, 47. 

Traverses by mid latitude and Mercator sail- 
ing, 69. ^ 

Traij^rse table, its uses, 43. 

Trigonometrical lines considered, 9. 

True altitude of the moon’s centre, 104. 

V 

Variation of the compass, 124. 

Variation of the compass from an azimuth, 126. 
Variation from observed amplitude, 12a. 
Variation of the compass, 87. 

Verniers, 178. 

Vertical circles, 85. , 

W 

lyoTking a traverse, 48. * 

Workman’s tables, 66. 

Wright’s table of meridional p-wts, 63. , 

Z 

Zenith, the point of the heavens over the 
head, 85, 
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Aberration of light dipcovorcd, 194. 
AlAiorption of blue rays by the atmoaphere, 
884. 

Accelerated force of falling bodies demon- 
strated, .362. 

, Accelleration, 206. 

Achromatic telescopes, 376. 

Adamses discovery of Uranua, by calculation, 
366. 

Adjustment of the transit Instrument, 305. 
Adjustments of mural circle, 434. 

Alphonsine tables, 197. 

. ^exandrian school of astronomy, 195. 
Almagest of Ptolemy, 196. 

Ancient astronomical theories, 194. 

Annual number of solar eclipses, 355. 

Annual motion of the earth, 217. * 

Altitude and azimuth instrument, 387. 

Annual equation of the moon, 215. 

Annular lunar mountains, 241). 

Annular eclipses of the sun, 311. 

Antipodes, the, 202. 

Aphelion, the point in a planet’s orbit, furthest 
from the sun, 206. 

Apogee, the point of a planet’s orbit furthest 
distant from the earth, 206. 

Apollonius of Perga, 195. 

Apparent errors of transit clock, 419. 

Apparent size of celestial objects, 369. 
Apparent solar day, 206. 

Applications of photography to astronomy, 
338. 

Application of lenses to telescopes, 373. 
Aquarius, a sign of the zodiac, 296. 

Arc of a circle described, 379. 

Arabian astronomers, 196. 

Arago's observation on Halley’s comet, 303. 
Aries, a sign of the zodiac, 205. 

Artificial day, 207. ^ 

Asteroids, tlic, 266. 

t Attractive force of the sun demonstrated, 360. 
Astronomical day, 207. 

Astronomy defined, 103. 

Astronomy, the result of continued observa- 
tion, 193. 

Astronomical errors of antiquity, 193. 
AgtQUnomical clock, 393. 


Astronomical definitions, 200. 

Atmosphere of the earth, 218. 

Axes of the earth, 200. 

Azimuthal error determined, 402, 403, 
Azimulh instrument, 387. 

B 

Baily’s beads, 35 7. 

Baily’s Bntisli catalogue of stars, 391, 

Bessel’s method of observing, 394. 

Bessel’s tables, 214. 

Binocular eye-piece, 394. 

Bohnenberger’s eyc-piece, 437, 

Bootes, a sign of the zodiac, 297. 

Bradley’s discoveries, 191. 

Biadley’s explanation of difTcrcnccs in paral- 
lax, *236. 

Blight spots in the lunar disc, 251. 

Brorsen’s comet, 307. 

Brussels Observatory formula for dLlermining 
colhniation, 413. 

C 

Calculated orbits of comets, 309. 

Calculated return of comets, 302. 

Cambridge method of deternuning clock enors, 
414. 

Cancer, a sign of the zodiac, 296. 

Cassiopeia, 278. 

Centre of force in the sun, 361, 

Centrifugal force, 367. 

Cerch, discovered by Piazza, 266, 

Chaldean shepherds, the astronomers, 193. 
Changing magnitude of stai s, 274. 

Changing appearances of comets, 304. 

Chinese observations on comets, 303. 

Circles, 200. 

Classification of stot'S, 271. 

Clocks, apparent errors of, 419. 

Clock error determined, 394. 

Clusters of stars, 285. 

Collimation, 402. 

Coloured stars, 281. 

Colures, 201 . , 

Cometary nebulas, 288 . 

Garnets, their nature and constitution, 300. 
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Completing tran«its, 410. 

Computation for Folarli, 400. 

Computations of right ascension, 420. 
Computations of star oorreotions, 421. 
Component parts of double stars, 230. 

Conj unction of Mercury and Venus, 205. 
Consecutive transits of Polaris, 423. 
Constellations, their antiquity, 294. 

Corona and flames during a solar eclipse, 356. 
Cosmical rising, 206. 

Copernicus, 197, • 

Copernican system, 256. 

Correction for level, 403. 

Culmination, 206. 

D 

Darkness during a solar eclipse, 55. 

D'Arrest’s comet, 307. 

Data for calculating eclipses, 336. 

Declination, 203. 

Deductions from Newton’s laws, 3G3. 

Degrees defined, 201. 

Dtitennination of azimuthal errors, 423. 
Density of the earth, 218. 

Diameter of a planet's disc, 204. 

Defective illumination, 446. 

Deflected angle, 334. 

Dimensions of the shadow during an etlipsc, 
332. 

Drew's formula, 412. 

Drew's method of finding the moon’s right 
ascension, 429. 

Disc of a planet, 204. 

Distances of the planets, 366. 

Diurnal movement due to stars, 215. 

I >oublo stars, 279. 

Dolland’s discovery of achromatic lenses, 376. 
Dyanonietcrs, 375. 

£ 

Fcccn tricities of the planets, 361. 

Ecliptic, 201 . 

Eclipses, 331. 

Eclipse of 1851, 357, 

Eclipses of the sun, 343. 

Earth’s equator, 231. 

Earth’s motion in space, 217. 

Earth’s plaoc in the system, 218. 

Effects of aberration, 238. 

Effects of eclipses Ai amftialy, 355. 
i:ffect of the atmosphere, 338, 

Effects of refraction, 334. 

Effects of planetary perturbations on the re. 

turn of comets, 308. 

Egyptian astronomers, 197. 

Elliptic system, 365. • 

Encke’s comet, 305. 

• 


Encke’s calculations, 224. 

Equable description of area, 860. 

Equation, the means of finding parallax, 444. 
EquaCor, 201, 

Equatorial intervals of wires, 405, 

Equatorial instruments, 389. 

Eratosthenes determined the obliquity of the 
ecliptic, 195. 

Error of coUimation, 402. 

Error of collimation determined by micrometer 
eye-piece, 418. 

Error of horizontality determined, 399, 
E^stablishment of a port, 368. 

Exact duration of an eclipse of the moon 
desBribed, 341. 

P 

Faye’s comet. 307. 

Finder (the) telescope, 378. 

Figure of the earth, 208. 

Flamsteed’s observatory, 391. * 

Force of gravity at the earth’s surface, 218. 
Formulce to determine the elongation of a 
planet, 259. 

Formula for calculating eclipses of the sutf^ 
345. 

French astronomers, 198. 
l^onch Academy measurement of the earth* 
210 . 

0 

Galileo, 197. 

Galilean telescope, 378. 

Galvanic registry of observations described, 
393. 

Gambard’s oomet, 300. 

Gauging the heavens, 27S. 

Gauss’s method of determining intervals, 411. 
Geocentric latitude, 347. 

Geocentric zenith distance, 415. 

Geometrical construction of a solar eclipse, 346. 
Gemini, 346. 

Globular uebulee, 290. 

Geographical charts invented, 194. 
Geographical construction of a lunar eclipse, 
338. 

Gravitation, 359, 

Great circles, 201. 

Greek astronomers, 195. 

Gregorian telescopes, 378. 

Greenwich observatory founded, 199, 
Greenwich transit instrument, 392. 

H 

Halley, 198. 

Halley’s comet, 802. 

& 
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Halley obnerres all Flamsteed^ Btors, 199. 
llarTest moon, 247, 

Height of lunar mountains, 250. 

Height of tides, S68, 

Heliacal rislntr, 206. 

Herschel on Kepler’s la-ws, 365. 

Herschel’s observations on Halley’s comet at 
Cape Town, 303. 

Her^che^s method of observing, 275. 
Herschel’s ncbulary theory, 292. 

Ilerschers gigantic reflectors, 274. 

Hcrschel’s discoveries, 199, 3G9- 
Hind’s calculations on comets, 302. 
Hipparchua, 195. 

Hbrizon, 262. « 

Horizontal parallax, 413. 

I llorizontality of axis determined, 399. 

How to And the stars, 299. 


Inclination of the orbit of a planet, 204. 
Imperfect transits, 408. 

Influence of parallax, 443. 

Influence of the earth upon all bodies sus- 
pended over it, 319. 

* Ristruments and their uses, 369. 

Instruments for meusui ing angles, 379. 
Interpolation in right ascension of moon’s 
* limb, 425. « 

. J 

.Tuno discovered by Harding, 2GG. 

Jupitci and the sun compared, 365. 

Jupiter, telescopic appearance of, 2G7. 

Jupiter, spots on, 263. 

Jupiter’s disc, 268. 

Jupiter, satehtes of, 269. 

Jupiter’s ring, 269, 272. 

K 

Kepler’s laws, 160, 197, 223. 

Kepler’s first law of attractive force, 361. 
Kepler’s second law of planetary motion, 
361. 

Kepler’s third law deduced from Newton’s 
laws, 364. 

Kepler’s discovery of elliptic motion, 21T. 

L 

La Caille’s observations, 199. 

La C'aille’s observations at^Caiie Town, 391, 
Lalandc’s observations, 199. ^ 

Laplace’s ncbulary hypotheses, 293, 

Latitude in the heavens, 203. 

Law of attraction, 362. 

Laws of attraction applied to tides, S67, 

: Lenses and their characteristics, 371. 

^ n — I. — 


Leo, a sign of the zodiac, 396. 

Leverricr’s predictions of the discovery of Ura- 
nuB, 3G6. 

Libra, a sign of the zodiac, 296. 

Libration of the moon, 243. 

Line of apsides, 221. 

Line of collimatlon, 381. 

Longitude, 202. 

Longitude of nodes, 302. 

Longitude 'of perihelion, 302. 

Longitude by observations, 429. 

Longitude deduced from lunar transit, 426, 
Longitudes by transit of moon and moon’s 
culminating star, 424. 

Lunar appearances, 248. 

Lunar eclipse constructed, 338. 

TiUnar eclipses, 331. 

Lunar monnhims, 248. 

Lunar precession, 239. 

Lunar walled plains, 249. 

M 

Magnifying power of lenses, 375. 

Magnitudes of the fixed stars, 274. 

Mai 8 (Icscnbed, 255. 

Mars, telescopic appearance of, 264. 

Mars, luminous spots on, 265. 

Mars compressed at the poles, 265. 

Maskelyne’s observations, 199. 

Masses of the planets compared with the ina?s 
of the sun, 365. 

Masses of the comets, 367. 

Mean solar day, 206. 

Measurement of a degree of latitude, 210. 
Measuring the arc of a meridian in France, 
211 . 

Measuring the zenith distance, 383. 

Mercury and 'Vcinis in opposition, 256, 
Mcrulians, 202. 

Meridian circle, 433. 

Meridian jjoint, 406. 

Method of adjusting instruments, 395. 

Method of detorniining intervals, 411. 

Mithod of reducing and recording transi 
obser vation, 420, 422. 

Methods of intcrjmhition, 425. 

Method of obsei ving eclipses, 357. 

Method of ob^^lving with the transit circle, 
435. 

Method of rcckoninu parallel of Greenwich, 

349. " * 

Method of finding where eclipse is greatest, 

350. • 
Method of finding time, 414. 

Micrometers, 388, 

Micrometer readings for error of collimatlon, 
396. I 

Microscopic micrometer, 388, 
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Milky way, 277. 

Mode of determining the magnitude of stars, 
274. 

Moon’s annual equation, 245. 

Moon’s appearance, 241. 

Moon’s evection, 245. 

Moon an opaque body, 241. 

Moon’s occultation, 241. ' 

Moon’s phases, 242. 

Moon’s hbration, 243. 

Moon’s parallax, 243. * 

Moon shines with reddish light when eclipsed, 
334. 

Moon and shadow during an eclipse, 332. 
Moon’s 1 adms constructed by Struve’s method, 
430. 

Moon’s 1 ariation, 245 . 

Moon’s physical appearance, 247. 

Moon’s motion in space, 24C. 

Moon's telescopic apijearnnce, 247. 

Moon’s geocentric radius computed, 428. 
Moon's parallax during the solar eclipse of 
1858, 318. 

Moon’s influence on tides, 368. 

Moon's parallnx on the meviaiau, 444. 

Moon’s path in the heavens, 244. 

Motion of .Lpsidos, 195, 245. 

MovemontK of onr system in spaee, 278. ^ 

Itrounting Leloscopos, 377. 

Mural cirtle described, 432. 

Multiple stars, 281. 

N 

Nadir point, 202. 

Nature of stars, 279. 

Nature of comets, 308. 

Nebula in Andromeda, 288. 

Nebula in L> ra, 289. 

Nebula in Orion, 287. 

Neptune discovered, 199. 

Neptune, 272. 

Neptune discovered by Oalle, 3G6. 

Newton’s law of gravitation, 

Newton’s (liseovery of gravitation, 198. 
Nodesofa planet, 205. 

North polar constellations, 298. 

Notes on comeb. from 371 b.c. to the iircsent 
time, 313— ;n0. 

Numbt'r of stars, 275. 

North polar distancjjof ai^ohject, 432. 
Nutation of the earth’s axis discovered, 194. 
Nutation of the earth’s axis, 239. 

* 

0 

Occultation of stars by the moon, 353. 

On the moon, 241. § 

bccr.ltations, 321. 


Opposition, 205, 

Olhers’s and Gauss’s method applied to oomets, 
302. 

Optical effects of brightness, 870. 

Optical effects of distance, 870. 

Optical axis, 372, 

Orbits of comets an ellipse, 301. 

Orbits of planets, 365. 

Orbits of double stars, 281. 

Oudeman’B formula for correction of error, 
400. 

P 

Pallas discovered by Gibers, 2C6. 

Parabala cloacnbed, ."02. • 

• Par.allax determined, 222. 

Parallels of latitude, 203. 

Parallax, 236—442. 

PorigeD the nearest point of a planet’s orbit, 
206. * 
Partial eolip*>c of the moon, S.ll. 

Perihelion the point in a planet’s orbit nearest 
the sun, 206. 

Periodic stars, 2v84. 

Personal equation in observing, 3^. 

Persian astronomers, 196. ^ , 

I^rturbations ot the planets, 365. 

Pisces, a sign of the zodiac, 290. 

1 bases of the superior planets, 2C0, • 

I’^cnomcna observed during a total eclipse, 
356. 

Physical appearancen of comets, 303. • 

Physical astronomy, 200. 

Physical appearance of the moon, 247 . 

Physical constitution of the sun, 229. 1 

Plane of a circle, 200. 

Plane of a planet’s orbit, 204. 

Planets, 252. 

Planets revolving in circular orbits, 361. 

Poles of the horizon, 203. 

PolaiU, the pole star, 297. 

PoMtion of moon and shadow during an eclipse 
demonstrated. 3.32. 

Precession of the equinoxes discovered, 195, 

233. 

Prediction of solar eclipses, 353. 

Predictions of astionomers, 365. 

Prediction of eclipses, 335. 

Projection by right ascensions and declina- 
tions, 351. 

Ptolemy, 196. 

Ptolemaic system o|erthrown, 194. 

Ptolemaic system of cycle and epicyle, 255. 
Pythagoras fourMs a school in Italy, 194. • 

B 

■Radii of the moon’s shadow described, 338. 

Rays of light, 372. 
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Ked flames during a solar eclipse, 957. 
Keduotion of observation with the mural oir- 
ole, 440. 

Reflecting telescopes, 328. 

Refrtvction opposed to parallax, 463. 

Repeating circle, 380. 

Results of actual measurement on the figure 
of the earth, 213. 

Revolutions of moon's nodes, 195. 

Revolutions of micrometer microscope, 430. 
Right ascension, 202. 

Right ascension determined, 416. 

Rising of a planet, 206. 

Roemer’sdiscovery of successive transmission 
‘of light, 194, • 

Rotation, 20d. 

Rotation of the earth on its axis, 214. 

Rotation of the earth doubted, 285. 

, Rotation of stars on their axes, 285. 

Run of micrometer, 440. 

Rules for finding a 2 imuthal error, 404. 

8 

Sagitarins, a sign of the zodiac, 296. 

• iaturn and his ring, 199, 270. 

Scorpio, a sign of the zodiac, 29G. 

Seasons, 231. 

tSensiblc horizon, 202, « 

Setting a planet, 206. 

Shadow of the earth, 209. 

Sidereal clock, 393. 

Sidereal day, 206. 

Sidereal heavens, grandeur and magnitude of, 
273. 

Sidereal year, 207. 

Sidereal time of observation, 428. 

Signs of the zodiac, 201. 

Sirius, a star of the sixth magnitude, 274. 
Southern constellation, 297. 

South’s observations on stars of the northern 
hemisphere, 280, 

Solar year, 207. 

Solar parallax, 223. 

Solar day, 206. 

Solar equator, 231. 

Spirit level described, 383. 

Spherical aberration, 376. 

Spherical astronomy, 200. 

Spherical figure of the earth demonstrated, 
209. 

Spots on the sun’s disc, 227b 

Squares of the velocity of several planets, 364. 

’ Semi-diameter of the penumbra in an eclipse, 
342. 

Sun’s diameter, 220. 
i Sun’s disc, 225. 

I Sun’s disc, spots 6n, 227. 


] 

Sun’s distance, 222. 

Sun’s distance determined by transit of Venus, 

199. 

Sun’s motion in his orbit, 220. 

Sun’s rotation, 231. 

Sun’s velocity. 220. 

Sun, the source of heat and light, 219. 

Strata of stars, 277. 

Stations and retrogradations, 258. 

Stars revdtve round a common centre, 280. 

Stars which disappear*from sight, 288. 
Stereogrephio projection, 201. 

Struve’s method of determining error of ool- 
limation, 397. 

T 

Tables of zenith distance, 441. 

Taurus, a sign of the zodiac, 206. 

Telescopes, 373. 

Telescopic appearance of the sun, 226. 

Telescopic appearance of the planets, 26^. 
Telescopic view of Venus and Saturn, 205, 
Temporary stars, their history, 282. 

Terrestrial lungitudcs determined, 424. 
Terrestrial longitude, 203, 211. 

Thales of Miletus visits Egypt ; founds the 
Ionian school, 194. 

Theodolite described, 385. 

Theoretical astronomy, 200. 

Tidal wave in narrow channels, 368 > 

Tides of the ocean, 367. 

Tides affected by change of moon, 308. 

Tides affected by coasts and headlands, 368, , 

Time determined by a small transit mstru- 
men*, 414. 

Time of perihelion passage of comet, 302, 

Tninsit of Venus aud Mercuiy on the sun’s 
disk, 224. 

Transit instrument, 391. 

Transit observations, 417, 

Tranoits recorded in Keicbenbach’s instrument, 
415. 

li'dnsit circle at Cambridge, Massachusetts, 
435. 

Transit instrument readings, 39S, 

Tropic of Cancer, 203. 

'lycho Brahe, 107. 

Tycho Brahe’s system, 257. 


t 

Uranus and its satellites, 199. 

U raiius, satellite system of, 272. 
Ursa majoris, 298. 

Ursa minor, 297. 

V 

Variation in temperature, 204. 

e 
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Variable stars, their change of lustre, 282. 
Varying brightness of stars, 274. 

Velocity of a planet in its orbit, 363. 

Venus the most brilliant of planets, 252. 
Venus, motions of, described, 253. 

Venus, greatest elongation of her orbit, 253. 
Venus, illuminated disk of, 254. 

Venus, magnitude of, 254. 

Venus in her pbaseM, 263. 

Vertical planes, 3SG. 

Vesta discovered by Olbfers, 26Q. 

Virgo, a sign of the zodiac, 2<J6. 


Volcanic appearance of lunar mountains, 250. 

Z 

Zenithal distance, 383. 

Zenith point perpendicular to the horizon, 
444. 

Zenith telescope, 447. 

Zenith point determination, 202, 438. 

Zero points, 437. 

Zodiacal constellations, 295. 

Zodiacal light, 231. 

Zones, 203. 
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METEOROLOGICAL INDEX. 

Abitrration of light, fi09. 

Atmospheric refraction, 512. 

Aberration . f light illustrated, 510. 

Atmospheric refraction and reflection, 520, 

Amount ot dew determined, 492, 

Atmospheric recorder, 566. 

Actinorneter, the, 5<5G. ' 

Atmof-plieric quiescence unknown, 479. 

Accuracy of the barometer as an indicator of 

Atmospheiical deception on tho Lake of 

height, 458. 

Genet'u, 533. 

Aerial currents described, 481. 

Atmospheric theories, 466, 

' Aerial currents and their phenomena, .531. 

Atomic theory, 467. 

Aerial visions explained lu JI. Biot’s diagram. 

Am ora austr ihs said tube magnetic storms 

5J2. 

538. 

Aerolites, 544. 

Aurora borealis, 537. 

Air coubidcred nn element by the ancients. 

Aurora producc-d nrtiflcially by electrical ex- 

450. 

penmeni, 5i8. 

Air-pump experiment, 455. 

Aurora noticed by Aristotle, 538. 

'Aflotropism, the existence of one body under 

Am ora noticed by Pliny, 538. 

two asjiocts, 452. 


Ammonia as an atmospheric agent, 451. 

B 

i5nalogy between light and sound, 513. • 

Birometer described, 470. 

Aneroid’s barometer, 582. 

Barometric imperfections, 462. 

An,nuiil distribution of rain, 500. 

Barometrical indications, 461. 

Application of Gay Lussac’s rule, 469. 

Barometer, impiovenieiits on, I'b. 

Aquc'ius vapours, 451. 

Barometric deternu tuition of thi' heigl»t of an 

Aqueous vapour in the atmosphere, 507. 

atmospheric column, 455. 

Arago’s apjihcation of the law of Marriotte, 

Barometric conditions of a place, 488, 

455. 

Barometric reductions. 571. 

Aratus on meteorology, 4-19. 

Barometric pressure, 470. 

Aristotle’s opinion on meteorology, 419. 

Bennett’s photf 'graphic wet and dry bulb 

Aristotle's opinion on dew, 449. 

thermometer, 503. 

Atmospliere chemically con‘«idered, 450. 

Biot’s experiment on nickel, 525. 

Atmosjdiere subject to gravitation, 467. 

Bregu'^i’fi ihennomctcr, 476. 

Atmosphere at rest, 450, 

Buvdcn’b bait. meter, 582. 

Atiiiosphcire in motion, 450. 


Atmosphere during a full of snow, .502. 

c 

Atmosphere mechanically considered, 430. 

Calendar of nature, 584. 

Atmosphere greatest in extent at the cquaLor, 

CalonHc effects of the ami’s rays, 482. 

467. 

Capillary actum of gases, 451. 

Atmosphere illimitable, 466. 

CarlKinio acid gas compressible by forty-four 

Atmosphere as a ponderable agent, 455. 

atmospheres, 154. 

Atniosiihcric currents, 479. 

r.-irbonic acid as an atmospheric agent, 451. 

Atmospheric extent aifected by (he earth’s 

Causes of tcrrcfttrial magnetism, 520. 

rotation, 467. ' 

Ccntr.il heat of our globe, 648. 

, Atmospheric decomposition of ,Hght, 517. 

Centigrade scale, 474. * 

Atmospheric moisture, 488. 

Chart of the gulf stream, 551 . 

Atmospheric pressure not uniform, 457. 

Chemical bearings of atmospheric theories, 467. 

Atmospheric pressure affected by elevation, 

Chemical action of or.one, 452. 

457* 

Chemical constitu mts of the atmosphere, 450. 

Atmospheric pressure demonstrated, 455. 

- /■ 

Chi ncse typhoon, 502. 

i 
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Chromatics, 512. 

Depressions duo to capillarity, 462. 

Chromatic aberration, 513. 

Deluo’s calculation, 458. 

Cicero’s versification of Theophrastus, 449. 

Demonstration of the weight of atmosphere. 

Cirro-cumulus a secondary form of cloud, 490. 

455. 

Cirro-stratus a compound cloud, 495. 

Dc Mairan’b observations on the aurora, 5S9. 

Cirris, or first primary form of clouds, ^195. 

l)e Saussure’s electrometer, 569. 

Classification of clouds, 579. 

Determining the weight of atmospherio air, 

Cliraatolo# 5 ry, 548. 

4C7. 

Climatic effects of insular sea level, 548. 

Determination of the weight of i n at-nospheric 

Climatic effects of elex'ated table land, 548. 

column, 455. 

Climatic effects of valleys and mountains, 548. 

Development of electricity, 526. 

Climatic effects of currents of air, 549. 

Dew, 490. 

Climatic effi cts of the ocean, 549. 

Dew formations, 492. 

Clouds, 495. 

Df w deposited after midnight, 403. 

Cloud formations, 497. 

Dew jriate experiment, 491. 

Clouds inimifal to dew foruations, 493. 

Dew the precursor of rain, 493. 

Cloud vcsa lcs uffsfreffttted, 499. ' 

Diagonal-tubed barometer, 401. 

Clouds Btintitied, 497. 

D-agram illustratinEr currents, 482. 

Co-efficients of expansion, 4G5, 

Dia-mugnotisin, 521. » 

Cold and its effects, 554. 

Discrepancies h(«t ween the actual and aiipa- 

Cold winds, 486. 

rent indications ot instruments, 464. 

Coloured liffht, 517. 

Differential IhcrmometerB, 471, 472. 

CompariMin of triponometrical and barometric 

Diffusion of gases, 451. 

measurement, 458. 

Dll ition of a column of air, 457. ♦ 

ronipievsihilitv of elastic fluids, 464. 

Diiective tendoney of magnetic needle, 521. 

Oouiposition of clouds, 496. 

Distance measurer, 56(). > ’ 

l|urnal variatum of raoiaCure, 507. 

Corrcspoudence between thermometers, 479. 

Couductors and non-conductors of electneiU', 

Drew’s theorum, 573. 

528. 

Hjfosonictcrs for measuring tbedew point, 192.* 

ConnoU’s livfnometer, 568. 

Dry fogs, 494. 

Contrivances for measuring- small divisions. 

Dry seasons, 490. , 

461. 

Dynamic state of the atmosphere, 450, 

Construction of liygi'oineters, 505. 

Conversion of one scale of gr<uluation into 
another, 475. 

Corrections for barometio reading, 571. 

E 

Elasticity of the atmosphere, 466. 

Electrical deductions, 548, 

Corrections for capillary, 461, 

Electiicul generalizations, 530, 

Corrections foj diurnal range, 570. 

Electrical bodies, 527, 

Correlation of iieat, electricity, and magnetism, 
520. 1 

Electric slate.s, 528. 

Elcctiometcrs, 565. 

Electric conduction, 529. 

Coi losive chararter of ozone, 452. 

Cumulo stratus a compound cloud, 495. 

Elementary cLouds, 195. 

Endemic influence of the atmosphere, 454. 

Cumulus, 01 ‘^-'cond primary form of clouds, 

Epidemic influence of the atmosphere, 453. 

485. 

Estimated force of wind, 580. 

Cyauoinetcr«, 5G8. 

Examples of reading for temperature, 570. 

D 

Daily range of temperatures, 57S. 

Expansion of iron by heat, 464. 

Expansion of mercury under heat, 465. 
Experiments on atmospheric moisture, 489. 

Dalton’s law of expansion by boat, 460. 

ICvuporators, 563. 

Dalton’s discovery respecUng rain drops, 499. 

Evaporation, 199. 

Daniel’s hygromete^ 567. • 

J T? 

Daniel’s dew-point hjerometer, 500. j 

Danwl’s opinion of Afiican fevers, 546. 

Jc 

Fahicnhoit’s sci^e, 474. ^ , 

Decomposition of white light, 517. 

Falling stars, 544. 

Dcw-point hygrometers, 506. 

Faraday's discoveries of the mixture of gases, 

Deduction of the dew point, 581. 

4.j7. 

Definition .md derivation of electricity, 526. 

Fata morgana of tho Calabrian coast, 533. 

befleeting power of magnetic coils, 523. 

Fish of hot and temperate climates, 554, 

. . .._i 
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Fogfl considered, 494. 

Form of snow flakes, S02. 

Formation of clouds, 497. 

Formation of dew, 491« 

Freezing clouds, 497. 

Freezing of water, 554. 

Frosted leaves and snow-flakes, 555. 

0 

Galvanometer, 478. 

Gases defined, 454. 

Gaseous diffusion demonstrated, 451. 

Gaseous diffusiveness, 451. 

Gaseous ammonia, 451. 

G^sesof :he atmosphere, 450. 

Gases increased in volume by heat, 465. * 
Gauging the equality of thermometers, 473. 
Gay Lussac’s ratio between the specific gravity 
of aqueous vapour and air, 469. 

' Generating azone, 452. 

Qimbel vane, 5G5. 

Glaisher’s thermometer stand, 560. 

Graham’s investigations on mixture of gases, 
457. 

Graduation of thermometers, 473. 

Graduated scales, 461. 

dravitating influences, 467. ^ 

Gulf stream the storm-breeder of the Atlantic, 
. 552. 

Gulf stream and its under currents, 550. * 

. H 

Hail in thunder-storms, 503. 

Hail and its phenomena, 503. 

Hair-hygrometer of Saussure, 505. 

Halos rare with us, 536. 

Halley’s suggestion, 540. 

Heat affects the volume of matter, 4C3. 

Heat a condition of mutter, 463. 

Heat latent, 463 

Heat as indicated by the thermometer, 479. 
Heat a source of electricity, 478. 

Heat sensible, 463. 

Height of aurora in the atmosplicrc, 533. 
Height of clouds, 497. 

Hoar-frost, 493. 

Honey dew, 493. 

Horticulture and meteorology, 450. 

Horary magnetic variations, 519. 

Hot winds, 465. 

How to observe thunder-storms, 585. 

How to observe the aurora borealis : solnr and 
lunar halos; mock sunb; circh'S of light i 
^ meteors ; falling-stars ; gale^pf wind ; snow ; 
hail ; solar eclipses, 569. 

Hydrogen, its density, 451. 

Hydrostatic principle of expansion, 465. 
Hygrometers, 508. 
llygroscope, 505. 

* 


'^Hypothesis of the gulf stream, 559. 
Hurricanes, 484. 

I 

Ice pictures, 655. 

Ignis fatuus, or Jack o’Lantern, 547. 
Imponderable atmospheric agents, 507. 
Influence of wind on barometers, 487. 
Imperfection of meteorogical instruments, 558. 
Influence of elevation on the barometer, 457. 
Insulating electrical bodies, 529. 

Interference of light, 514. 

Irritating powers of ozone, 452. 

Isodynamic lines, 519. 

Isoclinic lines, 519. 

Isogonic lines, 519. 

L 

Land and sea breezes, 482. 

Latent beat, 463. 

Lateral discharge of electricity, 542. 

Law of Marriotte, 454. 

Laws of radiant heat, 491. 

Laws of gaseous diffusion, 457. 

Laws of refraction, 530. 

Laws of luminous refraction, 511. 

Laws of developed magnetism, 522. 

Lawson’s thermometer stand, 557. 

Liquids increased in volume by heat, 465. 
Leibnitz’s opinions on central heat, 548. 
Leyden jars, 542. 

Light and its theories, 508. 

Light gauge, 567. 

Lightning, 540. 

Lightning-conductors, 541. ^ 

Limits of the atmosphere, 466. 

Logarithmic calculations of the density of the 
atmosphere at different elevations, 457 . 
London fogs, 494, 

Luminous meteors, 544. 

Luminous rays, 509. 

Luminous waves, 515. 

u 

Magnetic aberration, 519. 

Magnetic dip, 518. 

Magnetic phenomena, 518. 

Magnetic polarity, 521. 

Magnetic pole, 519. 

Manufacture of barometers, and materials em- 
ployed, 468. 

Manufacture of thermometers, 473. 
Mathematical beariligs rfi atmospheric thoo- 
ries, 467. 

Maximum and minimum barometer, 562.^ 
Mean temperature of dew point, 575. 

Mean corrections, 574. 

Mean pressure of the atmosphere, 455. 
MeasuremcDt ofcluminous waves, 516. 
Meniscus, versed sine of, 461. 

< 
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Meniscoid surface, 461, 462, 

Mercurial expansion, 458. 

Mercury generally impure, 460. 

Mercurial thermometers, 478. 

Mercurial minimum thermometer, 563. . 

Meteoric stones, 544. 

Meteors and astronomy allied, 449. 

Meteorology defined, ^9. 

Meteorology proper, 450. 

Meteorological obserTations, 558. 

Meteorology in connection 'with chemistry, 
geology, and electricity, 430. 

Methods of determining the height of clouds, 

497. 

Method of reading the b aometer, 461. 

Methods of observing utmospbcricul phono- 
meno, 538. 

Methods of determining atmospheric mois- 
ture, 504. 

Methods of ozonizing oxygen, 452. 

Minimum barometer, 302. 

Mirage attributable to refraction and reflection, 

531. 

Mixtuie of oxygen and hydrogen by experi- 
ment, 431, 

Mofl^at’s test-papers for ozonometers, 5GG. 

Monthly variation of moisture, 307. i. 
Monthly range of lempersiture, 578. 

17 

Nature of shooting-stars, 545. 

Natural approach to meteorology, 450. 

Negretti’s j ain-gaugc described, 564. 

Negrctti’s patent maximum thermometer, 562. 
Newman’s standard barometer described, 539. 
Nimbus or rain cloud, 493, 

Nitrogen compressible by forty-flvo atmo**- 
phercs, 45 1. 

Nitroaren of the atmosphere, 450. 

Nobih’s thermoscopc, 477. 

Nonius, or vcriiier scale, 461. 

0 

Ocean cui rents, 552. 

Medlten-ancan Sea, 55?,' 

Red Sea, 533. 

Indian Ocean, 553. 

Ocult meteorological emanations, 516. 

Ocult atmospheric caus^ 452. 

Odours of ozone Jhd tire cleetric spark com- 
pared, 453. 
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